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This volume comprises material presented at the First Regional Food Legume 
Improve ment Workshop that was held at the University of Aleppo, Aleppo, Syria, 
on 2-7 May 1978 . It constitutes a synopsis of the current status of food legume 
production in the countries of Western Asia and North Africa. 
The workshop was sponsored jo intl y by the Intern atio nal Center for 
Agri cultural Research in the Dry Areas (JCA RDA ) and the Univers ity of Aleppo, 
and had as its primary aims the bringing together of research workers and other 
legume spec iali sts fro m all parts of the reg ion served by ICARDA , and the 
iden tification o f prioritie s for research attentio n. More than 15 countries were 
represented , together wi th severa l intern ational and reg iona l researc h ins titutions 
concern ed w ith food legume deve lopment. Differe nt spec ific problem areas were 
exami ned on each of the five day and the workshop was structured so that the 
participan ts spe nt a considerab le propo rti on of their time invo lved in small 
worki ng parties designed to encourage stimul ating discussion and to prov ide 
concrete recommendations for future research and deve lopment programs. 
The workshop and thi s resultant text are the first steps toward ac hiev ing an 
increasing awareness of the common prob lems fac ing food legume producti o n and 
improvement in the reg ion. They provide a so lid base from which to develop 
appropriate cooperative strateg ies pla nned to minimi ze the constraint s that a t 
present limit the prod uctio n of legumino us crops th at are so important both to 
human nutriti o n and to the ag ricultural systems o f Wes t Asia and North Africa. It 
is hoped that future research and development wi ll acquire new cohes io n and 
greater strength from the firm fo un da ti o ns estab li shed by this workshop . 




It is wel l established that the proteins of food legumes and cereal grains are 
nutritionally complementary , the essenti al amino acids that are defi c ient in the one 
being provided in the other . Con equentl y, when eaten toge ther , the prote in of 
both cereal and legumes are used more effi c ientl y than if either is eaten alone. 
Legumes have fi gured promine ntl y in the di ets of Mediterranean peoples for 
as long as we have hi storica l records. Several Romans, including Cicero , Fabius, 
and Lentic ulu s, bo re leguminous names . (I am indeed proud that my own name in 
the German language means legume.) 
It is unfortunate that until comparative ly recentl y, ag ricultural and food 
sc ie nti sts have devoted less attention to legumes than to the principal cereal crops. 
If soybeans are exc luded , world average y ie lds o f the major legumes are of the 
order of 0.5 metric tonnes per hec tare compared w ith about 2 .8, 2 .3 , and 1.7 
metri c tonnes per hec tare for maize, rice, and wheat, respective ly. 
Building upon the exce ll ent research of the Arid Lands Agric ultural Deve lop-
ment Program (ALAD), lCARDA has made remarkable progress in establi shing 
its legume research program and in s tre ngthening the reg ional legume improve-
ment network. From the con tent o f the many splendid papers presented during 
First Reg ional Food Legume Improve ment and Deve lopment Workshop it is 
ev ident that we can confidentl y ant ic ipate signifi cant progress in legume 
production , bo th in terms of higher yields and improved quality. 
The organi zers, the Director-Ge neral , the staff o f ICARDA , and all who 
partic ipated in the workshop , whose proceedings are here in recorded , are to be 
warml y congratul ated on the clearly ev ide nt success of thi s endeavour. 
Joseph H. Hulse 
Program Director 
Agrirnlture. Food a11d N11 tri1io11 Scie11 ces 
/ 111em atio11a/ Dl'l ·elop111e11t Research Centre 

Section I 
An Introduction to Food 
Legumes in the Region 
Some Aspects of the Agroclimatology of 
West Asia and North Africa 
Haze l C. Harris 
Department of Agronomy and Soil Sci<'nce, 
Unfrers iry of New England. Armidale. N.S. W .. Australia 
The regio n of West Asia and North Africa , which is ICA RDA 's primary concern. lies 
very ro ughl y between latitudes 5°N and 43°N and lo ngitudes I 0°W and 70°E. It can be 
broad ly divided into main zones of ag ricultural production: a temperate p lateau area , 
comprisi ng the highl ands of Turkey . Iraq, Iran, and Afghanis tan; and a lowland area , 
bordering the Medi terranean and ex te ndin g inl and in areas adjacent to the plateau . 
The who le reg ion is charac terized by a typi ca l ·' Mediterranean " -type c limate: win ter 
ra infall a ltern ating with summer drought. However, considerable c limatic variability 
occ urs throughout the region as a result of the influ ence o f the major geographical fea tures , 
whic h include the Mediterranean, the Blac k and Caspian seas, the mo unt ains of northwest 
Africa , and the plateaus. 
This general climatic pattern means that dryland agric ulture in West Asia and North 
Africa i primaril y devoted to temperate crops. The discuss ion that fo llows is thus based 
upon the assumption that !CA RDA 's main researc h concern is to improve the productivity 
and stability of te mperate gra in and forage crops under dryland agric ultural condit ions. 
Attention is concentrated o n two major ag roclimatic facto rs, name ly , moisture availability , 
whic h is considered the mos t importan t constrai nt to crop distribution and yield th roughou t 
the world. and temperature, which is also an impo rtant cons ideratio n in thi s respect. Such a 
focus is not meant to impl y th at other features of the c limate are not important in 
determining agricultu ra l production and s trateg ies for its improvement. Day le ngth , for 
example, varies s ignificantl y over such an extens ive reg io n , and radiation levels vary both 
with season and al titude. Thus, consideratio ns of pho toperiod sensi ti vity and radi ation-
limiting periods in some pl a teau regio ns are of great importan ce in crop improvement. 
However , the effects of these factors are generall y cons idered to be secondary in 
im portance to mo is ture avai labi lity and te mperature and fo r this reason are omitted from 
the present di scussions . 
The broad patterns of temperature and prec ipita tio n in the region are hi ghlig hted in 
thi s paper and aspects of their variabili ty are di sc ussed in relation to crop production . 
Relations be tween rainfall and soi l mois ture ava il ability , and be tween soil moisture, 
temperature , and crop water requirements are also considered to illustrate the interactions 
between these components and pose ques tio ns of relevance to the deve lopment of research 
programs. 
Temperature 
Variations in temperature occur w ith latitude and lo ngitude , decreas ing from south to 
nort h and fro m eas t to wes t, and , most importantly. with a ltitude. There are large and 
obvious contras ts between pl ateau and lowland regions in thi s respect. 
Low te mperature limitations to cropping occur in the plateau reg ions of Turkey, Iran , 
and northeastern Iraq. Air and soil temperatures both fall rapidl y in the autumn (Fig. I ) and 
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unless th e rains are suffic ientl y earl y there may be problems of es tab lishment of winter 
crops before the soi l te mperature becomes too low fo r germination , or o f crop survival if 
es tabli shme nt is insuffic ient prior to snow cover. Over much o f the pla teau this s now cover 
persis ts for several month s and crop growth is no t resumed until its dispersa l wi th the rapid 
ri se in temperature in the spring. In th e low land areas, however , winter te mperatures are 
not severe; day time a ir max ima appear suffic ient to promote photosyn thes is in tem perate 
spec ies (Fig. I) and , altho ugh night temperatures often fa ll be low oc C , so me vege ta ti ve 
growth can thu s be ex pected during the wi nter. So il te mperatures duri ng the crop-grow ing 
season do not appear to be limiting in these areas. 
Throug hout the reg ion there is a risk o f crop damage th rough late fros ts dur ing the 
floweri ng period. There are marked diffe re nces between the pl a teau and low land zones in 
the time at which this ri sk occurs , and within each zone topographical var ia tion may 
contribu te to differences in the le ngth of the fros t ri s k period (T able I ). 
Max imum temperatures increase rap idl y in the spring th roughout the reg io n (Fig. l ). 
Alt ho ugh it is difficult to identify a high te mperatu re leve l c ritical to crop growth , mean 
maxima greater than 30-32 °C are freq uentl y ex peri enced in the low land areas a nd can be 
expected to impose a limit on yie ld potenti al by has tening crop maturity . Aga in , re lative ly 
loca li zed variations in th e time at whic h ex tre me hig h temperatures are experienced are 
observed (T able I ). 
The degree and duration of low temperatures dictate obv ious and well-recognized 
needs for crop types with differin g le ve ls o f tempera ture to lerance (spring vs . winter 
va ri eties) in the cont ras ting low land and pl ateau zo nes. However , less o bvious d ifferences 
(illustra ted by data for northern Syria in Table l ) a re a lso apparen t and may de termine the 
success or failure of different varie ties at spec ific locati ons. Although such data require 
furt her exami natio n to verify that these d ifferences are real and not j us t arti facts of the 
siting of the meteoro log ical statio ns in relation to the ir im mediate topograph y, they do 
indicate apparent differences of 2-3 weeks in the du ra tio n of favo urabl e growing 
conditions in a re la tively localized area. This sugges ts the need for a di vers ity of crop 
varie ties to permit the full es t utili zat io n of loca l e nvironm ents. 
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TABLE I . The timing of the occurrence of low and high temperature extremes at four locations in northern Syria . 
Locat ion T iming of last T iming of fi r t Timing of first 
Name Latitude Longitude Altitude (m) frost; T min ~ 0 °c• T max""' 33 °c• T max""' 36 °C• 
Hama 35° 08 ' 36° 45 ' 309 3rd wk Mar 3rd wk Apr 2nd wk May 
Aleppo 36° 11 ' 37° 13' 392 1st wk Apr 3rd wk Apr 3rd wk May 
Tel Abaid 36° 42' 38° 57' 355 2nd wk Apr 2nd wk Apr 3rd wk May 
Kamishl y 37°03' 4 1° 13' 452 1st wk Apr 4th wk Apr 2nd wk May 
• With a frequency of I year in every 13 (based on 13 years of da il y temperatu re data). Source: Monthly Climatological Data, Bureau of Meteorology, Damascus, 
Syri a. 
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Fig. 3. Th e probability of daily rainfall at t11 •0 locations. D-R represe11ts 
probability of rai11fa!! 0 11 dav N given that there was 110 rai11 011 dav N-1 . 
R-R represe11ts probability of rai11fa!! 011 day N g ive11 that there was rain 
on day N-1 . Broke11 li11e represe11ts i11depe11de111 probability of rai11fal/ 
011 a11y day . 
Evaporation 
Because several different tec hniques are used to measure evaporation within the 
region. further work is necessary to enabl e abso lute comparisons to be made between 
locations. In genera l, however. it can be anticipated that the trends will follow those of 
temperature flu ctu ations. showing a decrease in evaporation from south to north and with 
increasing altitude. Evaporation can furth ermore be expected to increase with distance 
from maritime influences. 
The seasonal pattern , common to al l the parts of the reg ion, can be illustrated using 
data from northern Syria (Fig. 2), the major fe ature being the rapid rise in evaporation rate 
in the spring, assoc iated with the temperature in creases at this time, and , also, in much of 
the region, with the occurrence of hot dry winds. 
Precipitation 
Prec ipitati on throughout the region is confined to the period from October to June, but 
there is considerable variation in its distribu tion according to location and topographical 
influences . Reli able rainfall commences earlies t in th e area adjacent to the mount ains of 
Turkey and in the Azerbaijan region of Iran , and the reli ability of early rain decreases with 
latitude across the region; some areas of Jordan rece ive their first reli able rainfall only in 
December. A reversal of this pattern tends to occur with the end of the rains, thi s being 
earliest in the south and later in the northern areas, particularly in northeast Iraq and 
adjacent reg ions of Iran , where the ra infall peak occurs in spring. A similar pattern appears 
to hold in a wes t to east tra verse of the northern coastal areas of Africa. The ra in fa ll season 
is thus cons iderably shorter in sou thern and eastern areas of the region, and may be 
confi ned to 3 or 4 months onl y in parts of Jordan. Although isolated coastal areas adjacent 
to moun tains in North Africa, Lebanon, Turkey, and Iran may rece ive in excess of I 000 
mm of prec ipitation per year. the annual total over th e bulk of the region is below 800 mm 
and in much of the cropping area under consideration vari es be tween 200 and 500 mm. 
Most precipi tation in the pl ateau areas occurs as snow . 
Furthermore, across the whole region and particularly as the annu al total decreases, 
the rainfa ll is hi ghly vari able. the coeffic ient of variati on on monthl y data being as high as 
50% in inland areas of Jordan, Iraq, Syria, and much of orth Africa. In terms of 
agric ulture it is thus important to consider the probability of rainfall and its distribution 
th roughout th e season. This has been examined fo r two locations , Aleppo (Syria) with an 
annual average ra infa ll of 470 mm. and lrbid (Jorda n) with an average of about 320 mm, 
using ra in fa ll data for periods of 13 and 40 years . respectively (Fig . 3). 
For Aleppo the probability of rain " today" given that ··yesterday" was dry is low at 
the beginning and end of the season (0. I) and ri ses to 0. 25 in midseason, whereas data 
from lrbid indicate a somewhat lesser chance of ra in throughout the season in this more 
southern area . Given that there was rai n "yesterday," the probability of ra in .. today" is 
considerabl y higher at both locations. At lrbid the probability of successive rain days early 
in the season is sli ghtl y greater than at Aleppo . This difference is not evident in midseason, 
and the probability declines sharply , so th at by late April it has dropped well below the 
Aleppo fi gure. The higher probab ility of rain on day n+ I . given that day n was wet, 
illustrates an important feature of the ra infall pattern throughou t the region, that is, that 
ra in tends to occ ur as .. rain even ts .. of 2 or more days rather than as isolated falls. Also 
illustrated by these figures is th e tendency for an earli er close to the rain season in the 
southern areas. 
The second stage of such a rainfal l analys is involves a consideration of the mean 
rainfall for each class of rain day (wet fo llowi ng dry. or wet following wet). At Aleppo the 
mean rainfall is of the order of 6 mm per rain day and does not differ signifi cantly 
th roughout the season or between classes. In contrast to this . rainfall per rain day varies 
considerably at lrb id, rising to a maxim um in midseason and thereafter show ing a marked 
decrease, with a trend toward higher rainfa ll on one day if the preceding day is wet (Fig. 4). 
In additi on to the means and probability functions, es timates have also been made of 
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the di stributi on of th e data about the mean values represented by the fitt ed lines. In ge neral , 
these tend to foll ow a ga mma di stribution and estimates of th e parameters of the gamma 
fun ctions have been made . 
Work is currentl y under way on the deve lopment of techniques for the es ti mation of 
the probability and variabilit y of spec ific event s, such as the onset of th e rains and hence of 
expec ted crop sowing dates . or the occurrence of dry spell s of varying duration at critical 
stages of crop growth th roughout the season. Res ult s of these an alyses should provide more 
solid information concerning th e ri sks assoc iated with cropp ing in the various part s of the 
reg ion. and in turn may be expected to prov ide indications of crop types and agronomic 
prac tices best suited to the minimi za tion of these risks . 
Soil Moisture 
Earl y in the season. when the rainfall is li ght and sporadic . a proporti on will be lost 
from the soil surface throu gh evaporation. However. moisture is lost readily on ly from the 
surface 2-4 cm and once a wetting front has been established below that depth, soil 
moisture wil l accumul ate with cumul ati ve rainfa ll. The amount of mo isture stored 
subsequently will depend upon th e quantity and intens it y of rainfall . the infiltration 
capac ity of the so il , and so il depth . Moisture losses can be expected either through runoff_ 
if the rainfal l intensity exceeds the infiltration rate of the soil, or through ru noff or deep 
drain age if the moi sture content of the soi l approaches fie ld capacity. Where most of the 
prec ipitation fall s as snow thi s pattern may be modified by the effects of soil freezing on 
in fi lt ra tion. 
With a knowledge of thi s pattern of so il moisture accum ulation, informat ion on soil 
type and depth . and data on th e amount and d istribution of ra infall. it is poss ible to predict 
the total quantity of moisture that will be available fo r· crop growth and its di stribution 
th roughout the cropping season. However, a number of spec ific considerations concerning 
aspec ts of the above components vary between locations and will affec t the accuracy of 
predictions. Firstl y. there is the qu es ti on of "effec tive .. ra infall , wh ich is particul arly 
important during earl y soil moisture build up (i .e .. how much rain is required dur ing a rain 
eve nt to increase the store of so il moisture ). The analys is of rainfall presented in thi s 
di sc uss ion includes all reg is trations of greater than 0 . I mm and will th erefo re overes timate 
the probabi lity of · ·e ffect ive' ' rainfall . To more accurate ly predi ct probab ilities of moisture 
ava il ability from ra infall records. such an analys is must incorporate information to allow 
" noneffec tive .. rain eve nts to be di scounted . Other considerations relate to soil water 
storage and infiltration capac ity . These inc lude the ava ilable moisture storage capac ity of 
so il s (that moi sture stored in the rooting zones of spec ific crops); the proporti on of total 
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rainfa ll ac tuall y stored in the soil as opposed to that which is los t through evaporati on and 
runoff; the effect of varying rainfall in tensities and infiltration rates : and the proporti on of 
the mois ture accumulated in the rainy season that can be stored, if necessary through a 
summer drought. 
Answers are ava il able to some of these ques tio ns in some parts of the reg ion, and in 
other areas work is under way in an attempt to quantify and ex pand the present state of 
know ledge concernin g so il-water relations. A coordinati on of this in fo rmatio n with 
cl imat ic data for the reg ion should provide a basis fo r achievi ng a better understanding of 
the ways in which the most efficient use may be made o f the available water resource in. 
dryland farm ing. 
Crop Water Use 
The crop water balance depends upon the re lative re lation between prec ipitation and 
water loss from the so il th rough evaporation and evapotranspiratio n. An examination of 
this balance using Pe nm an est im ates of monthl y evapotranspiratio n has revealed two 
critical periods: the firs t early in the season, determ ining sow ing date; and the second 
during the flowering and seed-fi lling stages o f crop growth. This situation is general 
throughout the regio n, even in the northern areas that have a muc h greater spring ra in fa ll 
but also experience lower temperatures and he nce a lo nger duration of c ropping . 
The ge neral pattern of water use through the annual crop cycle is illustrated in Fig. 5. 
Early in the season water use is low. a lthough some is usuall y lost as a res ult of so il 
dis turbance at sow ing . As the leaf area expands , the rate of transp iration increases to a 
potential maximum , which normally occurs at or about fl owering . Where water is not 
li mit ing, this maximum rate wi ll be main tained for a period of about 2-3 weeks (both ra te 
and dura tion be ing spec ies dependent ), after whi ch , wi th increas ing crop maturity and the 
progress ive senescence of leaves , the rate dec reases rapidly. Any stress d uring the 
vegetati ve or early reproductive stages of growth can be ex pected to modify the maximum 
rate attained, but the general pat tern would still re ma in s imil ar. Estimates fro m various 
studies in the region indicate th at th ere will normall y be adeq uate mois ture ava il able during 
the early stages of crop growth and thus that crops wi ll develop high leaf areas and a 
consequently high evapotranspira tion potenti al. However, the annual terminati o n of 
rainfall and increase in evaporation tends to co inc ide with the time at which thi s high 
potential is reached and thus the time of greates t crop water demand . A lthough there is 
always some reserve of soil moisture ava il ab le at thi s time, it is rarely adeq uate to meet th e 
crop needs , and thus cons iderable tress may occ ur. Any strategy fo r improving th e 
efficiency of water use must consider how bes t to fit the pattern of crop water demand into 
the pattern of mois ture ava il ability to increase the like lihood of moist ure ava il ability at 





SOWING FLOW ER ING 
TIME 
Fig. 5. Typica l pauern of war er use by a11111wl crops during a growing season . 
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an .. economic" yie ld and the quantity required a t the key times in the crop growth cyc le 
(e.g., at sow ing and a t flowering and seed fill). A quantification of soil moisture 
accumu la ti on , storage, and ava il ab il ity and of water use th roug hout the seaso n for different 
crops and locatio ns is thus essenti al to a better unders tanding of the potential and the 
limit ations o f the dry land water resources in the region. 
This information sho uld e nabl e the development of agronomi c prac tices de sig ned to 
modify mo is ture use patlern s. Obvi o us fac tors influ encing water use and requirements, and 
whic h are subject to manipu la tio n , include: weed control to minimize unproductive water 
use; se lection of var ie ties with maturities that best fit into the pattern of mois ture 
availabi lity (w ithin the constraints imposed by the probability of late fros t); timing of 
sowing; modification of seeding ra tes to give more optimum plant populat io ns (current 
rates for cereals in the Aleppo province appear to be undul y high); the interact ion of sow ing 
da te and rate; and plant nutrition (especiall y nit rogen status). In the short te rm the use of a 
combination of suitably modified practices should lead to a more effic ient use of the 
available moisture and to improved yie ld s tability, if not ac tual increases. 
In the lo nger term a log ical approac h to crop improveme nt would seem to firs t require 
an understanding of the crop growth environment interact io ns as they affec t water use. This 
wou ld e nab le the developme nt , th rough breed ing programs, o f varie ties able to make the 
best use of the ava il able resources to be put on a more solid base . 
The improvements possible may be envi saged as be ing achieved in one of two ways: 
by drought avo idance or th rough drought to lerance. Droug ht avoidance in volves the 
modification of crop growth patterns so that the critical periods of crop water demand 
coincide more nearly with times of higher rai nfall probab ilities . The ex tent to which thi s is 
possible is governed largely by the frost tolerance of the crop , the frost ri sk posed by the 
environment , and the degree of fros t damage that is acceptable. Obviously a req uirement 
for zero frost ri sk would call for variet ies with a longer grow ing season and consequently 
higher water req uiremen ts than if a small ri sk of frost were acceptable . 
Drought to lerance. on the o ther hand , refers to the possess io n by pl an ts of 
ph ysiological or morphological characters that enable e ither the production of a greater 
qu antity of dry matter per unit of water used or the fuller utili zation of the available water 
resources. At present the application of deve lopments based upon this concept is hampered 
by the lack of a more detailed knowledge of the adaptive mechan isms of plants and their 
effects on yield potential under field conditions. The presence a nd the re la tive benefits of 
the physiological respo nses known to influence water use efficiency; the role of root 
sys tems in drought tolerance ; and the relations between shoot and root growth and yie ld 
potential are some of the aspec ts requiring urgent consideration in studies of these adaptive 
mechanisms. In recent years. however, significan t development have been made in the 
study of the re lations between soil and plant water s tatus , e nvironmental conditions, and 
plant shoot and root respon ses, and in the prediction of their effects on crop yie ld potential. 
Such advances are con tributing considerab ly to current deve lopment efforts, which are 
mainly focused on the screening of crop var ieties orig inating in the region and in other 
drought-prone areas (and those that are expected to have evolved mechanisms for 
adapta tion to mois ture stress) and shou ld in the future be able to provide a bas is for the 
planned synthesis of plant types designed to optimize their use of the avai lable soi l 
moi ture. 
Conclusions 
There is a considerable wealth of data available rela ting to climatic conditions 
throughout the region . These data have been studied on a broad sca le in assessments of the 
region and in more detail for a particular area by various authors, and techniq ues for further 
appraisal in relation to periods of critical importance in determ ining crop yie ld appear to be 
available. Further information is undoubted ly available on soil moisture storage in the 
region, and a collation of this th rough cooperating national programs wou ld cons iderably 
strengthen assessments of the potential provided by the physical environment. Data on 
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pl ant water use appear to be less ava il abl e, but are essentia l in considerations o f the water 
ba lance of the various crops. Crop water balance, as affec ted by ra infall d istri buti o n 
(together with o ther c lim atic facto rs), so il mo is ture s torage, and a tmos pheric mo is ture 
de mand , must be cons idered as the key to crop produc tivity in the " dry areas . .. It is thu s 
es enti al that a co ns ideration and unde rs tanding of th e interac tion between the components 
of ag riculture and those o f the clim ate should proceed a lo ngs ide and as part of crop 
improvement e ffort s in the reg ion . Without such an approach , the deg ree of real 
improvement in the agricultu re of West Asia and Nort h Africa will a lways be severe ly 
limited . 
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Food Legume Production: 
The Contribution of West Asia and 
North Africa to the World Situation 1 
F. M. H amawi 
/CARDA, Aleppo. Syria 
Biological and cultural factors have. over time, caused a very distinct pa ttern of pulse 
production and consumption to develop throughout the wor ld . Over 70% of the ann ual 
world production is consumed by humans , large ly in the form of dry seed. As a result of 
their high protein content and relative inexpensiveness , legume grains have trad it ionally 
made up a large part of the diets of the rura l poor in developi ng countries. This si tuation 
has earned pu lse crops the tit le .. poor man· s meat, " which perhaps effec ti ve ly underlines 
their vital importance to the popul ations of many of the countries of West Asia and North 
Africa. 
Between 1960 and 1975 there appears to have been a stagnation in world pulse 
production at the level of about 43 million metric tonnes per year. This has been largely 
attribu ted to a shift in cons umer demand to other stap le foods, such as wheat and rice , in 
many deve loping countries. a move encouraged by the rap id strides made in cerea l 
improvemen t over the past decade, and the consequently in creased economy of cereal 
production in the develop ing world . In the past 2 years , however , there has been a 
considerable upturn in pulse production throughout the wor ld; annual production now 
stands at around 48 million tonnes , and reflec ts a renewed interest in these important crops. 
Agai nst this general background thi s paper se ts out to rev iew the production situation 
of the major grain legume crops in West Asia and North Afr ica, identify the changes that 
have taken place over time , and analyze the changing relative contribution of the region to 
world pulse product ion. 
For the purposes of thi s study the region of West Asia and North Africa is taken as 
including the 17 countries of direct concern to ICARDA , namely Morocco, Algeria, 
Tunis ia, Libya, Egypt , Sudan, Saudi Arabia , Yemen A.R., Jordan , Lebanon, Cyprus , 
Syria , Iraq , T urkey, lraR , Afghanistan. and Paki stan . Comparisons between the production 
situations in these countries and between the region as aga inst the world as a whole, are 
made for the five major food legume crops (chick-pea , lentil , dry broad bean, dry bean. 
and dry pea) over the periods 1966-70 (average) and 1971-75 (average) . 
The Production Situation 
The proportion of the world grain legume production generated by the region has 
increased slig htl y from 6 .3% in 1966-70 to 6. 8% in 197 1- 75. This increase has been 
composed of similarl y small in creases in each of the five major legume crops over the 
period (Table I ). 
Chick-pea 
Althoug h the average production of chick-peas in the world has decreased by I .4% 
over this period, the level of production from the region has increased by approximately 
1 All figures used in thi s paper are derived from FAO stat ist ics and in so me cases involve FAO 











TABLE l. Average pulse production situation (in 1000 metric tonnes) (1966-70 and 197 1-75). 
1966-70 1971-75 
World Region World 
Region as 
% of % of % of world % of 








25.7 239.0 8.9 2.2 11637.2 26.1 294.2 
24. 1 47.2 l.8 0.5 10936.6 24.5 101.0 
14.7 855.4 31.9 13.7 6167.2 13.8 910.6 
11 .7 556.4 20.7 11.2 5681.0 12.8 699.0 
2.4 304.6 11.3 29 .9 1108.8 2.5 357.2 
21.3 683 .0 25.4 7.5 9024 .6 20.3 662.6 
99.9 2685 .6 100.0 6.3 44555.4 100.0 3024.6 
TABLE 2. Percentage changes in average area , production and yield for the major legume crop of the 
region (1966-70 and 1971-75). 
Area Production Yield 
Crop World Region World Region World Region 
Dry beans -0.3 +12.I + 6.7 + 23 . l +6.0 + 1.0 
Dry pea +6.3 +73.8 + 6.7 +l 13.0 0.0 +10.0 
Chick-peas -3.9 - 2.4 - l.4 + 6.5 +2 .0 + 5.0 
Brdad beans + 6.4 +14.0 +14.1 + 25 .6 +7.0 +44 .0 
Lentils +4.0 + 7.1 + 9.0 + 17.3 +4.0 + 9.0 
Total pulse +2.2 + 3.4 + 5.0 + 12.6 
Region 
Region as 
%of % of world 
total by crop 
9.7 2.5 
3.3 0.9 
30. 1 14.8 
23. I 12 .3 
11.8 32.2 
21.9 7 .3 
99.9 6.8 
6.5 % (Tab le 2). The largest chick-pea producers in the reg ion, name ly Paki stan , Turkey. 
Morocco. and Iran. have . between them. contributed abo ut 92% of the reg ional production 
in both time peri ods. However , be tween 1966-70 and 197 1-75 , the produc ti on in Turkey 
has been increased cons iderably, whereas in Morocco and Iran produ c ti on has dec lined 
(Table 3 ) . 
Dry Broad Bean 
The production of broad bea ns has increased both w ithin the world as a w ho le a nd in 
the region . However, the increase in production of 26% that has occ urred in the regio n far 
exceeds the 14. I% in crease in wor ld productio n (T abl e 2). T his has led to a n in crease in the 
proportion of the world production genera ted by the region of approx imate ly I% over the 
period (Table I ). Egypt. Morocco, Turkey, and Tunisia are the fo ur larges t broad bean 
producers in the region: Egypt and Morocco together produce over 75 % of the to tal (Table 
3 ). The changes that occurred in the product ion s itua ti on of each co untry vary considerably 
between 1966-70 and 197 1-75 and a re in general no t remarkab le, with the exce ption of the 
dramatic 92% increase in productio n ach ieved by Morocco (Tabl e 3 ). 
Lentil 
The average production of le ntil s in West Asia and North Afr ica increased by 17. 3% 
between 1966-70 and 197 1-75 , compared to a 9% increase in world production over the 
same period (Tab le 2) , res ulting in a 2.3% in crease in the regio n's contribu tion to wor ld 
prod uct io n (T able 1 ). Of the reg ion ' s average ann ual product ion , 77 % is ge]lerated by 
Turkey , Syri a, Iran, and Egypt, and the produc tion has been increased in all of the 
coun tries of the region over the period. w ith the except ion of Iran and Iraq, where slight 
decreases are evident (Table 3 ). 
Dry Bean 
Despite production in creases of 23. 1 % in the region as opposed to onl y 6. 7% in th e 
world as a whole (Table 2), the region·s share of wor ld production. because it is very 
small. has onl y increased from 2.2 to 2.5 % between 1966-70 and 197 1-75 (T able 1). 
Turkey and Pak is tan are the major dry bean producers in the reg ion , and together w ith Iran, 
which has ex perienced a tripl ing in product ion over th e per iod , produce about 84% of the 
regional to tal (Table 3 ). 
Dry Pea 
The production of dry peas in the reg ion has in creased dramati call y by 11 3% in the 
period under consideratio n , whereas world production has onl y experienced a 6. 7% 
in crease (Table 2). As is the case with dry beans. howeve r , because of the small amo unts of 
peas produced in the regio n as compared to world productio n , thi s increase s till on ly means 
that the region produces 0. 9% of the world to ta l (Tab le 1 ). Morocco is w itho ut do ubt the 
s ingle mos t importan t producer; accountin g fo r about 78 % o f th is production, and show ing 
a twofold production increase over th e period (Tab le 3 ). 
The Components of Production 
Having hi ghlighted the changes in th e production of the major pulses that have taken 
place in the reg io n between 1966-70 a nd 1971-75. one sho uld now consider the 
corresponding c hanges that have occu rred in the components of product ion . namely area 
and yie ld, to identify the prime causes fo r th e production changes tha t have been observed . 
In the period 1966-70 the average area of pul se crops grown in the reg io n was 5.5 % o f 
the world to ta l. The fo ll ow in g years, up to 197 1-75. have on ly show n a s li ght increase in 
thi s figure (to 5.6% ). The same slight increases in the proport io n of th e world 
pul se-growing area located in th e reg ion are ev ident if one analyzes the indi vidual c rops 
separately (T abl e 4 ). 
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TABLE 3. Average production (in 1000 metric tonnes) of food legumes (1966-70 and 1971-75). 
Total Dry beans Chick-peas Dry peas Broad Lentils Others 
pulses beans 
Country 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 
Pakistan 738 757 48 54 539 543 24 26 127 134 
Turkey 589 644 139 153 102 174 5 4 43 48 100 106 201 159 
Egypt 381 396 8 14 6 7 2 4 286 272 34 51 44 48 
Morocco 306 472 4 5 93 62 37 79 139 268 14 23 20 35 
Iran 177 177 12 42 49 43 9 40 35 77 48 
Syria 153 168 4 5 36 39 ll II 62 82 39 30 
Sudan 61 71 7 7 2 2 12 15 41 47 
Tunisia 51 68 II 16 25 38 14 13 
Afghanistan 49 54 49 54 
Iraq 47 41 II 9 4 5 19 17 6 5 8 4 
Yemen A.R. 42 66 42 66 
Algeria 38 53 2 3 12 16 2 3 15 22 7 8 I I 
Jordan 24 26 2 3 3 I 15 18 5 5 
Cyprus 14 11 3 2 3 9 8 
Lebanon II 13 2 2 2 I I 2 2 3 7 
00 Saudi Arabia 3 4 3 4 
Libya 2 5 I 4 
Region total 2686 3026 249 294 858 912 46 100 557 700 305 357 683 663 
% 100 100 9 10 32 30 9 3 21 23 11 12 25 22 
TABLE 4. Average areas of legume production (in 1000 hectares) (1966-70 and 1971-75). 
1966-70 1971-75 
World Region World Region 
Region as Region as 
% of %of % of world % of %of % of world 
Crop Area total Area total by crop Area total Area total by crop 
Dry beans 23358.8 35.7 268.8 7.5 1. 15 23294.6 34.8 301.2 8.1 1.3 
Chick-peas 10381.4 15 .9 1494.6 41.5 14 .39 9980.2 14 .9 1458.2 39.3 14.6 
Dry peas 9206.6 14 . 1 68.0 1.9 0.73 9782.8 14.6 118.2 3.2 1.2 
Broad beans 4734.2 7.2 441.6 12. 3 9.32 5036.8 7.5 507.6 13 .7 10 . 1 
Lentils 1693.2 2 .6 436 .0 12.1 25.75 1761.0 2.6 467.0 12 .6 26.5 
Others 16037.4 24.5 885.2 24.6 5.51 17021.6 25.5 862.2 23.2 5.1 
Total 65411.6 100.0 3594.2 99.9 5.5 66877.0 99.9 3714.8 100.J 5.6 
Consideration of the yield situation. however. shows that. with the exception of dry 
beans. the percentage increases over the period were greater. in some cases considerably 
so. in the region than in the world as a whole (Table 2). 
Chick-pea 
The average area devoted to chick-pea production dec lined in both the region and the 
world over the period, the decline in the regiona l area being in genera l somewhat less than 
in the world situation. The in crease in the overa ll production of chick-peas in the reg ion 
can thus be seen to emanate principally from an increase in average yield. which was more 
than double the world increase of 2'7c (Table 3 ). 
The largest chick-pea producing coun tries in the region (Pakistan, Turkey , Morocco , 
and Iran) c lai m this position largely because of the very large <u-eas grow n (Table 5); only 
one of these, namely Turkey. also figures amongst the fo ur hi ghest yie lders . Egypt and 
Turkey. as the two highest yielding countri es, produced yields we ll above those of the 
other producing countries in both time periods. although while yields in Egypt rose 
considerably, those in Turkey dropped slightl y. Despite being well below these levels. 
average yields of chick-peas in Iran have shown a fairly dramatic increase (64%) over the 
period, whereas in Morocco yields have decreased by abou t I 7o/c (Table 6). 
Dry Broad Beans 
The increased regional production of broad beans can be seen to result from a 14. 9o/c 
increase in the production area combined wi th a 44 o/c increase in average yields. This is in 
contrast to the world si tu ati on where area increases of 6.4% and yield increases of 7% 
made approx imately eq ual contributions lo produc ti on increases (Tab le 2). Morocco, 
Egypt. and Tunisia have the larges t areas devoted to broad bean production, between them 
possessing about 80% of the regional acreage (Tab le 5). However , of these, onl y Egypt 
combines a large area with high yields, which inc idental ly are more than twice as much as 
the other major producers (Table 6). During the period 1966-70 to 197 1-75, the greatest 
broad bean yield increases were recorded in Libya (a very dramatic 280%) and in Syria 
(38 %), wh ile yields in Cyprus dropped by about 179\: (Tab le 6). 
Lentils 
Both the area and average yields of lentils increased in the region and in the world as a 
whole over the time period. _Increases of 4% in both area and yield made up the world 
production increase, whilst the increased reg ional produc tion was com posed of a 7. I% 
in crease in area together wit h a 9% increase in average yie ld (Table 2) . 
Turkey, Syria. and Pakistan have the larges t lentil-producing areas in the region, but 
only Turkey and pos ibly also Syria can be sa id to achieve reasonable relati ve yields 
(Tables 5 and 6). Egypt's pos ition as one of the four top lentil producers in the region stems 
almost en tirely from the high average yie lds that it ach ieves . These were nearl y twice as 
great as Turkey in 1971-75 and have increased by 26% since 1966-70. The greatest 
overa ll yield increase occu rrin g during thi s peri od, however, was of the order of 58% in 
Tuni sia (Table 6). 
Dry Beans 
Despite on ly a marginal increase in the average yie ld of dry beans in the region (I %), 
as compared to an increase of 6% in the world situation, the production of this crop in the 
reg ion has increased considerabl y more than in the world as a whole as a re ult of a 12. I% 
increase in the regional production area coupl ed with a simultaneous decrease of 0.3 % in 
the world area (Table 2). 
Pakistan and Turkey have by far the larges t areas devoted to dry bean production, but 
much of the increase in area. and hence production, can be attributed to the fourfo ld 
increase that has taken place in Iran between 1966-70 and 1971 - 75 (Table 4 ). In terms of 
yield only, Turkey rates with in the top fo ur co untries in th e region; Egy pt again shows 
yield s second to none and a yield increase of 24% over the period , seco nd only to the 40% 
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TABLE 5. Average area (in lOOO hectares) of food legumes in the region (1966-70 and 1971-75). 
Total Broad 
pulses Dry beans Chick-peas Dry peas beans Lentils Others 
Country 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 66-70 71-75 
Pakistan 1536 1489 107 Lil 1066 lOOO 71 75 292 303 
Turkey 546 585 109 102 90 158 4 3 33 32 102 I 13 208 177 
Morocco 402 521 8 9 128 98 57 100 L53 231 25 39 31 45 
Iran 266 221 II 41 LOO 69 6 61 47 94 58 
Syria 206 216 3 4 42 55 L JO 8 97 108 54 40 
Egypt 202 184 5 7 4 4 2 2 L41 L 14 24 29 27 29 
N Tunisia L03 I L8 25 27 46 55 3 3 30 32 0 
Algeria 78 96 4 5 27 30 5 6 24 32 17 20 I 3 
Iraq 55 52 L4 15 5 8 L8 18 10 8 8 4 
Sudan 55 64 5 6 2 2 8 II 39 45 
Yemen A.R. 42 61 42 6L 
Jordan 36 34 3 5 3 22 22 9 7 
Afghanistan 31 33 31 33 
Lebanon 15 16 3 3 l I 3 2 6 9 
Cyprus 15 16 2 3 II 13 
Libya 6 5 4 3 I I 
Saudi Arabia 2 3 2 3 
Region total 3596 37 14 268 302 L496 L460 68 I 18 443 508 435 466 886 863 
% 100 100 8 8 42 39 LO 3 12 14 12 L3 25 23 
TABLE 6. Average yields (in 1000 metric tonnes) of dry food legume crops (1966-70 and 1971-75). 
Chick-pea Broad beans Lentils Dry beans Dry peas 
% % % % % 
Country 66-70 71-75 change 66-70 7.1-75 change 66-70 71-75 change 66-70 71-75 change 66-70 71-75 change 
Morocco 734 606 - 17 933 1167 + 25 548 598 + 9 526 579 + 10 634 781 +23 
Algeria 459 519 + 13 6.17 686 + II 386 388 0 420 590 +40 466 422 - 9 
Tunisia 417 568 +36 573 683 + 19 256 407 +58 
Libya 400 535 +33 287 1091 + 280 1450 2250 +55 
N Egypt 1625 1853 + 14 2025 2381 + 17 1428 1773 + 24 1723 2147 +24 1329 1644 + 23 
Sudan 885 818 - 18 1459 1429 - 2 1225 1060 -13 
Jordan 506 525 + 3 850 609 - 28 656 802 +22 
Iraq 691 640 - 17 1049 973 - 7 646 665 + 2 756 646 - 14 
Syria 814 724 - II 1080 1497 + 38 653 761 + 16 1221 1364 + II 880 955 + 8 
Lebanon 705 705 0 1121 1075 - 4 586 694 + 18 1353 1313 - 2 1342 1105 - 17 
Cyprus 1063 873 - 17 1982 1453 -26 
Turkey 1134 1115 - 2 1278 1493 + 16 984 933 - 5 1279 1508 + 17 1135 1405 +23 
Iran 485 799 +64 660 737 + 11 1110 1084 - 2 
Pakistan 508 542 + 6 340 351 + 3 447 482 + 7 
Region 748 785 + 5 1028 1483 + 44 699 765 + 9 1095 1112 + I 1034 1143 + 10 
World 603 618 + 2 1052 1128 + 7 601 629 + 4 467 499 + 6 1114 1118 0 
increase ac hi eved in Alger ia (Table 6). In abso lute terms the average regional y ie ld of dry 
beans is s till more th an do uble that of the world although the marginal in crease in yield 
over the period was grea ter in the case of th e world as a whole (Table 6). 
Dry Peas 
The dramatic production increases that occ urred in the region between 1966-70 and 
1971-75 can be large ly attributed to the 73 .8% increase in production area that took place 
over this period, together with the I 0% average yie ld increase . In con trast to this. the world 
average yie ld remained sta tic and the cul tivated area only expanded by 6.3 % over the 
period (Table 3 ). 
Of the regional production area, 84% is in Morocco (Table 4 ), but although yields in 
this country increased by about 23 % between 1966-70 and 1971-75 , they are s till less th an 
half those achieved in Egypt and Libya, whose yie lds have also risen by 23 and 55 % 
respective ly (Table 6). 
Conclusion 
From this initial study it can be seen that there is a great variation in the production of 
grain legume crops throughout the region. Considerabl e changes can be seen at the 
individual country leve l th at together have resulted in the region as a whole making an 
increased contrib utio n to the world production of all five of the crops over the period 
studied. Despite these fairly appreciable changes, there has been relatively little change in 
the importance of the indi vidual producers in the region . 
In general, the gra in legume-produc ing countries in West Asia and North Afr ica can 
be divided into two groups : those grow ing relative ly large areas but ac hi eving rela tive ly 
low yie lds; and those in which average yie lds are re lative ly high but the area devoted to 
production is small. There appear to be onl y a very few countries that combine high y ie lds 
with a large production area in any one of the crops, and none that achi eves this for more 
than one crop . This indicates the cons iderab le potential for production in creases ex isting 
with in the reg ion , both through marginal y ie ld increases in the large producing areas and 
through marginal increases in area in the regions already achieving high yields. 
However , a large number of different physical , biological , economic , and soc ial 
factors contr ibute to the production situation and its propensity to change in each individual 
country . Therefore , before any concrete conc lu sions on the likelihood of realizing this 
potential can be made, further detailed studies of the complete production situat ion and the 
factors affect ing it in eac h country are an essential prerequisite . 
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Food Legumes in the Farming System: 
A Case Study from Northern Syria 
David Gibbon and Adri enne Marti n 
Farming Svsrems Research Program. /CARDA. Aleppo. Syria 
Food legume are a very significant component of ra in-fed cropping systems in northern 
Syria, occupying up to 25% of the cropped land area. They are commonly grown in rotation 
with cereals and summer crops and are an important source of food and income for many of the 
poorer farmers of the area. 
In developing a research program with the main objecti ve of improving the producti vi ty 
and stability of legume crops, it is essential that an approach involving the consideration of the 
wide range of variables that affect farmers· capac ities to influence production and income be 
adopted in preference to a fragmented approach considering only the legume crops themselves. 
Through studies of the whole sphere of farn1 and household ac tivities , an understanding of the 
range of choices open to farmers and the fo rmation of fanning strategies as re lated to the 
development of the family may be achieved. The family. however, should not be the onl y unit 
of analysis; comparisons must be made between fami ly groups, between agroecological zones, 
and between major production areas to fully understand the linkages between local and national 
structures and the farmers· extent of control over resources. Dec ision-mak ing and problem 
definition at the village level has apprec iable consequences fo r policymaking at the 
governmental level. For this reason , an understanding of the relations between production in 
di fferent areas, which can be ac hieved through a thorough comprehension of the distribution of 
resources and income and the utiliza tion of labour, should be considered to be an important part 
of such an approach. 
This type of research approach also finds considerable application in the development of 
alternative management systems , in rotations . and in the conservation of land resources. 
This paper considers the circumstances of two farn1 ing families who represe nt very 
different groups of producers. in an attempt to ill ustrate the necessity for this approach to the 
solution of the problems of farn1ers in the developing world . 
Background 
The study outli ned in this paper is a small part of the studi es cu1Tently under way on the 
farming systems of the Aleppo Provi nce of Syria. These studies are designed to avoid the past 
mistakes of concentrati ng exclusivel y on the development and transfer of high input 
tec hnologies. Such emphases have often resulted in the prov ision of benefi ts to the minority at 
the expense of the majori ty of fanners and have led to an increasing dependence of many 
agricultural systems upon ex ternal aid and support. Farming systems research at ICARDA is 
based upon an awareness that agricultural development involves people and their needs and that 
an understanding of these interrelat ions is essential to the evolution of agric ultural alternati ves 
that are operable in the real world. In this contex t it is cons idered imponant to take into account 
the variation in resource avai lability between and within agrocl imatic zones and. in addition , the 
large variations in command over resources existing between the minority of rich farmers and 
the majority group of poor farming families. 
The initia l studies of this program concern investigations into the social. physical , and 
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biological structure o f ex isting farming systems and detailed analyses of their production 
processes. This work is based primarily upon surveys of a series of vi llages located in different 
ecological zones and exhi biting different forms of agricultural organization. 
Village Resources and their Use 
The village used fo r this case study is situated in a high rainfall zone (average annual 
precipitation is 500 mm) in the north of the province, 70 km from Aleppo and I 0 km from 
Afrin , the district centre. It has a population of 300 people, and al l of the 45 permanently 
resident famili es own land . Six fam ilies, whose members are absent for most of the year, own 
only trees . The average famil y size is just over 7 persons, with a range of 1-25 . 
The total land area around the village is I 070 ha, of which 965 ha are cultivated and I 05 ha 
rangeland . Olive trees occupy about 260 ha. During the land reforms between 1958 and 1963, 
3 10 ha were redistributed to 37 families, and the average holding size is now I 0.2 ha (with a 
range of 2-45 ha); 26 families possess holdings of less than 8 ha. The holdings are usuall y split 
between the three main soil types: a deep red crack ing clay on the lower slopes, a brown-grey 
stony loam of about 60 cm in depth on the middle slopes, and a shallow black heavy clay loam 
on the upper slopes. The average number of plots per holding is four. 
A two-course rotation involving wheat , barley, lentils, chick-peas and broad beans as 
winter and spring crops, and cotton, melons, and sesame as summer crops (following a winter 
fa llow) is commonly practiced on the arable land . However, in recent years the area devoted to 
lentil production has declined as a consequence of a reduction in the guaranteed price and this 
has led to a simplification of the rotat ions . Vines and summer crops are commonly interplanted 
between young oli ve trees before they come to bear, but once they become producti ve the 
ground beneath them is kept clean. 
Thirty- two families own li vestock, amounting to 227 sheep and 210 goats; and 12 of these 
32 families also own draft animals. There are five tractor owners in the village and they carry 
out most of the cultivation operat ions. One combine harvester is present. 
The village has a cooperative membership of 40, most of whom receive short- term loans 
for fertilizer and medium-terms loans fo r the purchase and establishment of olive trees from the 
organization. The cotton crop is marketed through the cooperative, but most of the other crops 
are sold indi vidually on the bl ack market in preference to using the government channels . A 
primary school is situated in the vi llage but no electricity, telephone , or piped water is available. 
A new road is at present be ing constructed to link with the mai n local highway and should be 
completed by the winter of 1978- 1979. 
This information provides the base for the continuing in-depth study of climate , so ils and 
cropping, farm operations, and household income and expenditure over several seasons. A total 
of eight fam1ing families, covering the range of land /person ratios of vi llage households , were 
selected as a san1ple fo r the further studies and two of these family situations are discussed in 
this paper. A summary of each family's resources is given in Table l , and the ways in which the 
household requirements are generated and the interrelations within the farm ing systems operated 
by each family are illustrated in Fig. I and 2. 
Discussion of the Individual Family Circumstances 
The main point of contrast between the two fan1ilies studied is that the larger landholding 
and greater number of productive olive trees owned by family A (8 persons) provides a stable 
and high income fo r that group; whereas the smaller land area (about average for the vil lage) 
and number of trees of family B barely provide sufficient income or food to supply the annual 
needs of the household of 10 persons (Table 2). Consequently, the head of family Bis forced to 
supplement the household income by working as an agricultural labourer for some periods· 
during the year and the fami ly is dependent on a variety of loans to maintain the household . 
The cropping system of family A is dominated by oli ve production , wh ich, as it provides 
the bulk of family income (Table 2), receives first priority in care and attention. Cereals are the 
most important field crop, Mexipak wheat being grown as a cash crop and the local variety 
" Hamari " as the main food gra in , which is stored from one season to the next. Lentils and 
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TABLE l . Resources and their use for two households from a 
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Fig . I . Ways in ll'hich household requirements are genera ted and the interrelations ll'ithin farming 
systems operated by family A. 
chick-peas are produced on an area sim ilar to the cereal crops, but are generally regarded as less 
important by the household and are consequently not as we ll managed. This may, in part , be 
due to the reduction in the family female labour force resulting from the marriage of two of their 
daughters, as tending the legume crop is traditionally regarded as fema le work. Both legume 
crops, however, are important sources of food for the household th rough the year and the 
surplus over consumption requirements is stored and sold periodically according to seasonal 
cash needs. Chick-peas are the most important of the two crops, espec ially as a poor harvest in 
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Fig . 2. Ways in which household requirements are generated and the interrelations ll'ithin farming 
systems operated by fa mily B. 
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1976-77 and a drop in market price have caused the family to reduce their lentil area in the 
current season. A summary of operations. yields. and crop disposal for lentil s and chick-peas is 
given in Table 3. 
The machinery owned by famil y A (fable I) is used both on the fam il y lands to red uce 
labour needs and provide transpon. and to earn add itional income through contracted services to 
other fa milies. However. repa ir costs are high and the income from machinery onl y just covers 
expenditure. 
Livestock have become less imponant for this family wi th their reduced an imal-managing 
capacity caused by the depanure of two daughters already mentioned. It is apprec iated that this 
reduction in li vestock has been fo llowed by a decline in the use of organic manure , a consequent 
decline in soil organic matter, and an increasing dependence upon inorganic fert ili zers. 
The famil y usuall y pays cash for most goods and rece ives some shon-term credit fo r 
machinery repairs (Fig . I). 
Family B, in contrast , has a much greater dependence upon arable crops and . as a result . 
practice higher standards of general husbandry. There is a much greater in teraction between 
livestock and cropping in this farming system (Fig. I and 2). Again. the main field crop is 
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wheat , with the variety Mcxipak being preferred fo r its high yield. The family is . however, not 
self-sufficient in wheat and was buying grain for home consumption from January in the year in 
question (1978). Legume crops are relatively more important to thi s famil y and . although a 
proportion of the lentil and chick-pea crops are retained for food and seed. the bulk is sold and 
generates as much income as Mex ipak wheat. These crops thus prov ide an important source of 
cash at times of need through the season and arc consequentl y we ll cared for . The lentil crop 
was grown on land culti vated on the contour and phosphate fertilizer was applied, as was also 
the case with chick-peas, which received, in addition. organic manure. Both crops are kept 
weed-free by the children. The 1977-78 chick-pea area was increased in response to an 
improved price differential with lent ils. In addition to lentil s and chick-peas, two small plots of 
broad beans were also grown for fam il y consumption (Tabl es I and 3 ). 
The cash received from crop sales is used fo r household purchases, the repayment of loans, 
and the purchase of inputs, including seed. The family uses loans from the Agricultural Bank 
fo r oli ve production and fertilizers and these are repaid at the encl of each season. Credit is also 
received for li vestock feed and food and this is usuall y repaid from the income generated by 
agricultural labouring (Fig. 2). 
Conclusions 
The contrasting circumstances of these two families suggest the value of a consideration of 
the ways in which the source and possession of resources and leve ls of income structure the 
possibilities and choices of di ffe rent families. 
There is scope fo r the improvement of legume production in both cases . However. this is 
much less obvious fo r family B in view of their superior crop management and the lower degree 
of flexibility ex isting within their household economy for the al location of additional resources 
to legume production. Family A, however, with its higher and more secure income, is in a 
better position to afford changes in input levels, varieties, or management techniques. In this 
case , the present income adequately covers the famil y's needs and the adoption of changes wi ll 
thus depend upon the famil y's perception and evaluation of the relati ve advantage of increased 
legume yields as against the advantages of investing in other alternati ves . The recognition that, 
in these circumstances , objecti ves other than the max imization of yield and cash income are 
more highly regarded indicates that more attention would be given to those famili es represented 
by the second case fo r whom increased yields and income are urgent needs. 
Such families find it very diffic ult to adapt their cult ivation methods or increase inputs 
without the additional cost of these measures increasing their level of debt and dependency. 
Although the eventual improvement in producti vity and income would more than justify the 
increased costs involved, the difficulty of fin ancing the initial steps, especially if they are 
presented in terms of a package of practices with no sequential ordering of components, still 
remains a major stumbling bl ock. However, even small improvements would be of great 
importance to these families , providing that the starting point is within their present capacity. 
This finding strongly indicates that research is more appropriately directed toward the 
development of low-cost stepwise recommendations relevant to most farm ing families who fall 
into this category, even if less spectacular results are achieved. High-input , high-cost packages, 
yielding spectacul ar improvements, would seem to benefit only a minority of farmers (providing 
of course that they chose to adopt them) for whom the need is less urgent, and would serve to 
accentuate the present disparities of wealth that ex ist in the farming community as a whole. 
The circumstances of the poorer families are common both within the study village and the 
region as a whole. It is this group of farming famili es who make up most of the fam1ing 
community in many areas to whom the bulk of farming systems research in the region should be 
directed. Such a commitment has important consequences for the whole organization of 
research: in the composition of research teams, in the identification of research priorities, and in 
the conduct and locati on of research work . 
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Nutritional Quality and Importance of Food 
Legumes in the Middle Eastern Diet 
Raja Tannous, Salah Abu-Shak ra, 
and Abdu l Hamid Hallab 
Factliry of Agric11/111ral Sciences. American Uni1·er.l'i/_1· of Be inti , Beimr. Lehanon 
Grain legumes constitu te one of the most important sources of food nutrients to people 
in many countries of the world , parti cul arly in the Middle East. Their main nutritional 
value lies in the fact that they are very important so urces of di etary vegetab le proteins. 
They provide 15-30% of the total prote in content of average diets in thi s part of the world . 
making them second onl y to cereals in dietary importance. Gra in legumes are also good 
sources of the vitamins thi amine and niaci n and the minerals ca lc ium and iron. but cont ain 
littl e fat. caro tene. or ascorb ic acid. 
The food legumes commonl y consumed in the Middle East together with their Arabic 
names are: broad beans (Vicit1 faha) . " ful'' ; chick-peas (Cicer arie1i11w11) , ··homos · ·; 
lentil s (Le11s cu/i11aris) , " adas"; fenugreek (Trige11ellafoe1111111graernm), " hil beh": lup ins 
(Lipin//S spp. ), ''turmos" ; peas (Piswn sarivwn ). " baze ll a": and common bea ns 
(Phaseo/// s l'lfigaris), "fasul ya nashef". Of these. broad beans. chick-peas, and lentils are 
the most important and are probably consumed dail y in one wa y or another by a large part 
of the population of the Middle East. During the harvestin g season th e green seeds of broad 
beans. chick-peas, and lupi ns are common ly consumed as an interim food. the latter onl y 
after debittering. Fenugreek is used mainly as a condiment. particularl y in the very popular 
Armenian di sh "basterma, " and peas and common beans are used in a stew with meat and 
usuall y consumed wi th ri ce. The most common legume dishes consumed in the area are: 
broad bean dip, " ful moudamas ... which is frequently eaten as a breakfast food; chick-pea 
dip . " hommos bitehineh, " eaten at any time: rice and lentils. "mujaddarah , .. and 
common bean stew. freque ntl y served at schools and other institutions: "fa lafel. .. often 
eaten as a sandwich: and le ntil soup. which may be eaten at any meal. 
Nutritional Composition of Grain Legumes 
The importance of legumes as a protein source is clearly illustra ted in Table I . The 
average protein content var ies from 20 to 40%. whi ch is approx imately triple th at of 
cereals. However. wi th the exception of chick-pea and lupin . th e fat content of these seeds 
is rather low . The nutritive value of legumes changes with th e development of the seed. the 
fat content increasing unti l 2 1 days after flowerin g and thereafter remaining stable. and the 
protein co ntent remaining the same throughout despite the lys ine content rising to a 
maximum after 14 days and the sulphur amino acids after 42 day~. This may have a bearing 
on the fact that chick-pea seeds are frequent ly consumed green during harvest. 
In any eva luation of dietary value. the protein quali ty of a food should be considered 
of equal im portance to the total protein content. An eva lu ation of quality on the basis of the 
chemi ca l score of th e most limi ting amino ac ids (in this case the sulphur amino acids) 
shows chick-pea to contain the best quality protein (score = 6 1 ). followed by lupin (55) . 
and lentil (44) , with broad bea n (34) showing the lowest qua lity. 
Most dry legumes are good sources of th iamine and niac in, but with the exception of 
green chick-peas, are poor sources of carotene and vitami n C. Legumes also have a hig h 
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TABLE I. Chemical composition of grain legumes (grams per I 00 edible portion). 
Energy 
Legume Protein Fat NFE Ash Fiber Water (Kcal) 
Broad beans , green 5.2 9.4 9.8 0.8 2.0 81.8 72 
Broad beans, dry 25.0 1.8 53.7 3.0 5.9 10.6 354 
Chick-pea. green 5.9 1.8 17 .5 0 .9 1.3 72.6 99 
Chick-pea, dry 19.2 6.2 56.7 3.0 3.4 11.5 376 
Lentils 23 .7 1.3 57.4 2.2 3.2 12 .2 35 1 
Lupin 40.0 13.0 26.0 3.0 9 .0 9.0 420 
Fenugreek 29.6 5.2 50.0 3.3 7.2 8.6 365 
TABLE 2. Nutritional compo ition of some Middle Eastern legume di hes (per 100 g edible portion) . 
Total FAO 
Water , Protein , Fat, Energy Ca, Fe, Thiamine, Riboflavin , Niacin , Lysine , S-AA, Score 
Legume g g g (Kcal) mg mg mg mg mg mg/gN mg/gN 1957 
Broad bean dip 66.1 9.1 3.1 151 43 2.2 . 15 . 1 .9 346 129 48 
w (ful moudamas) 
0 Chick-pea dip 49 .5 9.6 19 .7 300 57 4 .2 .33 .08 1.2 330 195 72 
(homos bitehineh) 
Lentil soup 83 4 .7 .8 72 14 1.4 .09 .03 .4 380 130 48 
Lentil + rice 64.5 6.2 5.6 170 15 l.4 .09 .05 .9 386 163 60 
(mujaddarah) 
Falafel 28.6 5.8 12.0 195 40 5.9 .06 .06 .5 
sandwich 
TABLE 3 . Effect of cooking (autoclaving at 121 °C) on antinutritional factors in legume seeds. 
Hemagglutinating Antitrypsin 
activity activity Mortality• 
Legume None 20min None 20 min None 20 min 
Broad beans 80 0 0 0 I 0 
Chick-peas 0 0 8.4 0.6 0 0 
Lentils 640 0 0 0 4 0 
Pea 80 0 8.4 0.8 3 0 
Common bean 8200 20 9.6 0 .8 IO I 
• Number of rat dead (out of I 0) after 4 weeks. 
conten t of iron and other mineral s. but th e ava il ability of these minerals may not be very 
high . 
Nutritional Evaluation of Legume Dishes 
Because grain legumes are consumed in th e form of compos ite dishes, the real dietary 
value of the food must be considered in terms of the nutritional value of the complete dishes 
(Table 2) and the frequency wi th which these dishes are consumed . Furthermore, when a 
spec ific food or dish is continuously cons lllned, specific nutritional impl icati ons must be 
considered . The digestibility, ph ysio logical avai lability of certain nutrients, presence of 
antinutritional factors. problems of flatulence, and effects of processi ng all become more 
important in this case due to an acc umulation of effects. For exam ple , where legumes 
provide the major source of prote in in the diet , the nutr itional qu ality of the legume 
proteins becomes a much more limiting fac tor. The protein quality of chick-peas is higher 
than the other legumes, and the protei n quality of the most common legume dish 
"hommos' · is co rrespo ndingly hi gh (Table 2). Therefore , the frequent consumption of 
chick-pea dip will be better than any of the other legume foods. To ac hieve a more 
balanced diet, legume foods may be supplemented with other foodstuffs. From the protein 
quality point of view . bread is an ideal complement to legume foods . It is , thus , 
nutritionall y very fort unate that most legume dishes are consumed with bread . The notable 
deficiencies in legume foods, namely carotene and vitami n C. may be remedied by the 
inclusion in the di et of other food s rich in these nutrients. 
Effects of Processing on Nutritional Quality 
Uncooked legume seeds contain an tinutritional fac tors that can be very toxic if 
consumed in large quan tities (Table 3 ). Consideration of only two fac tors. namely 
hemoglutinating and an titrypsin (although other fac tors may well be responsibl e for the 
mortal ity of animals fed on un cooked beans) . illustrates that adequate cook ing will render 
them safe fo r consumption. 
In ge neral, cook ing also im proves protein qu ality in legume foods. but it should be 
noted that prolonged cooking (longer than 5 min at 12 1 °C) will not improve quality 
further. 
Utilization of Grain Legume Flours as Supplements 
Because grai n legumes are a good source of die tary pro tein, it is envisaged th at 
legume fl ours could be profitably used as supplements to improve the dietary protein 
qu antit y and quality of other loca l foods . Several in vestigations along these lines have been 
carried out at the Faculty of Agricultural Sciences with legume fl ours. protein iso lates. and 
concen trates utili zed as supp lements to weaning food mixtures, Arabic bread, bi scuits, and 
other foods tuffs. It was generall y found from these investiga tions th at leg ume fl ours can be 
used in limited quantities to improve the pro tein quality of local foods without seriously 
affec ting the ir taste . acceptability. or other quality factors. 
Cooking Quality of Food Legumes 
Dry legume seeds normall y req uire a relati ve ly long time to cook. Seeds of broad 
bean . chick-pea, common bean . and. to a lesser extent lentil, are soaked in water overnight 
before cooking as a mea ns of reducin g the cook ing time and, in some instances, small 
amoun ts of NaHC0,1 may be added to chick-peas and broad beans to reduce thi s even 
further. ot all food legumes are eaten cooked, however. and un processed dry seeds of 
many of th e legumes are often used direc tl y in the preparation of traditiona l dishes in th e 
Middle East and neighbo uring co untri es. 
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The cook ing process serves to soft en the hard legume seeds by improving the 
plasticity of the cell wa lls, thereby facili tating ce ll expansion and the reduc tion of cellul ar 
adhesion. Some legume seeds are more difficult to cook than others and this is thought to 
be due to the presence of insol uble pectins in the middle lamella of the cell wall. This may 
be accentuated by the formation of further inso lubl e ca lcium and magnesium pectates in 
these middle lamellae when the Ca or Mg content of either the seed or the cooki ng water is 
high. 
It has been reported that cooking quality may be assoc iated with the ratio of 
monovalent to divalent cations and with the phytin and phosphorus contents of the seed. It 
seems that a high availability of phosphorus in the so il could contribute to a high phytin 
content in the seed and consequently to good cooking; and it has been suggested that the 
action of phytin in this respect is as a Ca absorbent, whi ch thu s prevents the formation of 
calcium pectate . Bes ides the relative contents of phytin , Ca , Mg , and free pectin in the 
seed, it has also been reported that the thickness of the pali sade layer, and the lignin and 
alpha-cellul ose conte nt of the seed coat, are probably important factors affec ting the 
cooking quality of legume seeds . Cooking quality has further been found to be affected by 
storage but only when the moisture content of the seed is greater than 10%. 
Work at the Faculty of Agricultu ra l Sc iences on these aspects has been confined to 
stu dies on lentil s. A standard proced ure for determ ining cooking quality has been evo lved 
and all experime nta l results are expressed as a cook ing index on a scale of 1-1 5, where 
good quality is expressed by low scores. It has been fo und that quality is significantl y 
influenced by mineral nutrition, wi th adeq uate levels of both the major and the trace 
elements co ntributing to good cooking. Plants rece iving adequate levels of the important 
eleme nts and a high level of potassium produced the fastest cooki ng lentil seed , and a 
combination of high levels of potassium and sodium in the seed was also associated with 
good cooking quality. No direct re lation was fou nd, however, between the content of 
phytic ac id in the seed and cooking qua lity. 
Various growth regulators or the chelating agent EDTA , app lied as foliar sprays 
during early crop development , had no s ignificant effec t on the cooki ng quality. 
The results of fie ld experiments to study the effects of seed maturity on cook ing 
quality demonstrate that cooking time decreases marked ly with increasing maturity. 
It can be seen that food legumes, in a varie ty of different forms, contribute 
considerabl y to the diets of the people of the Middle East, especially in terms of high 
quality protein. However, the presence of var ious objectionable endogenous factors , such 
as antin utritional fac tors, flatulence , and poor cooking quality , tends to limit their more 
widespread utili zation in human diets. The neutrali zation and minimization of the effects of 
these fac tors should be the prime focus for future research geared to increasing the 
consu mption of these important dietary components. 
32 
Section II 




Food Legumes in Algeria 
Walid Khayrallah 
Station Experimentale . B.P. 59, Sidi be/ Abbas. Algeria 
and Lounes Hachemi 
Jnstitut de deve/oppement des grandes culture , POB 16, El Harrach , Algeria 
Historical Considerations 
With the exception of beans, the cultiva tion of legume crops in Algeria can be traced 
back over ma 11 y thousands of years to the dawn of plant domes t ication in the reg ion of the 
Near East and North Africa . T he spec ies have, since then , evolved through sma ll-scale 
cult ivation in isolated local populations, and even up to the period between the French 
occupation and World War I , it has proved a lmost imposs ibl e to define the areas of land 
devoted to the cultivation of individual crops. Figures availabl e from World War I onward 
indicate cons iderable fluc tuations in dry legume seed production in the country, as can be 
seen in the fo ll owing fig ures: 
Production area (ha) 
Broad Chick- Dry 
Year Peas beans pea Lentils beans 
1929 18127 38014 27630 1329 11 52 
1952 8000 45000 25000 40000 
1964 5700 22890 18230 8400 2040 
As the legume crops have trad it ionally been produced locally for local consumption, these 
variations have tended to reflect variations in populat io n stability, especially the 
availability of manpower and seed. Furthermore , disturbances on a national scale in the 
1950s and early 1960s resu lted in a sharp drop in production thro ughout the country in this 
period. 
The Present Production Situation 
With the preoccupation of the country in improving the standard of living of its 
population that has been evident over the last decade, the cu lt ivation of dry legumes has 
been encouraged. The use of legumes in rotation with cereals to rep lace the traditional 
fallow course has been shown to provide considerable cultural, as well as the more obvious 
economic advantages , through improvements in soil fertility and workability . In addition 
to this, legumes have proved valuable in intercropping with grapes and other fruit trees. 
The western parts of the country , with their high rainfall (400-500 mm) and large 
percentage of fallow land are particularly suitable areas for this type of in tensification. 
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Despite these proven advantages. the s tructure of production and commerce and the 
relatively low cons ideration given to legume crops in the period prior to 1975 resu lted in a 
steady dec line in production up until this time (Table I ). To meet its domes ti c consumpti on 
req ui rements, the country was thu s forced to import cons iderable quantities of legumes. 
However, after 1975 in creasi ng encouragement was g iven to domestic production in the 
form of price ince nti ves, as illu strated below: 
Prices paid to producers in dinars/quintal ( 1968-1977) 
1968 1974 1977 
Lentils 88 90 250 
Chick-peas 80 80 200 
Broad beans 55 60 150 
Beans 140 JSO 270 
Peas 55 60 150 
This has large ly served to offset th e great increases in the costs of inputs that occurred 
during thi s pe riod but has so far failed to put legume production on a viable econom ic 
footing . 
The Current Status of Production Practices 
Food legumes almost inv ar iably fo llow a cereal crop in the rotat ion, and in on ly very 
few cases are they pl anted following a fa ll ow. The presowing land preparation consis ts of 
deep ploughing, with e ither a di sc or a mouldboard plough, fo llowed by culti vation with a 
disc harrow to break th e c lods , and is essenti all y ide ntical to the preparation for a cereal 
crop. Prior to planting and after the first rains of the season the land is agai n disked to 
control weeds and further refi ne the seedbed . A ll the legume crops are row planted, as this 
faci litates weed control later in the season, le ntil s be ing almost ent irely planted usi ng a 
seed dr ill , whereas chick-peas , dry peas , and broad beans are, in general , hand seeded into 
previously opened furro ws. Between-row spac ing var ies from 1-4 m , depe nding upon the 
size and type of cultu ra l weeding equipment available , and may be fai rl y haphazard. 
Lentils and chick-peas are usually spring sown, lentil s between mid-January and 
mid-February , and chick-peas between mid-February and mid-March, although actua l 
dates vary cons iderab ly from the low a ltitude p la ins where the season is earli er to the later 
season high plateau areas . In contrast , broad beans and field peas are grown as winter crops 
and genera ll y planted be tween late November and late December. 
Natural Rhizobia have been found to ex ist in almost all the soil s in which legumes are 
cu lti va ted and for this reason seed inoculation is not carried out in Algeria. Fertilization is 
common throughout the pul se cropp ing areas, and phosphate is normally applied at the rate 
of 90 kg/ha in the fall. Nitrogen ferti li za tion is not widespread , but 30 kg/ha may be 
app li ed pos t-pl anting or post-emergence. Algerian so il s are believed to be rich in ava il ab le 
potash and the use o f fertilizers contain ing this macroelement is thus rare . 
The bulk o f the legume crops in Alger ia are hand harvested: pu lled from the ground , 
gathered in small heaps, left to dry, rearranged into larger piles , and threshed by stationary 
machines. In many cases, crops may be hauled to the farm yard for threshing, thus 
increasing y ield losses that may be as high as 15-20% as a result of these operat ions. 
Recently , a ttempts at direct comb ining of lentil s and chick-peas have met with some 
success, but such meth ods are sti ll limited by the incorrect adjustment of the threshers, 
which results in a high percentage of damaged seed . 
Important Pests and Diseases 
Blight , caused by Ascochyta rabei , is without doubt the most important di sease of 
chick-peas in Algeria, appear ing on average once every 3 years and causing crop losses as 
high as 80%. Ascochyta spec ies have also been identified as infecting broad bean crops but 
damage is seldom as serio us. Both chick-peas and broad beans are com monly infected with 
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TABLE I. Area production and yield of dry legumes in Algeria 1969-76. • 
Lentil s Chick-peas Broad beans Peas Total 
Year Area Prod . Yield Area Prod . Yield Area Prod . Yield Area Prod . Yield Area Prod . Yield 
1969 23670 107000 4.5 28660 113310 4.0 23200 140070 6.0 10880 41900 3.8 86420 402280 4.6 
1970 20830 47120 2.7 21850 63510 2.9 25630 993l0 3.9 13350 30950 2.3 81660 240890 2.9 
w 1971 15950 47220 3.0 23800 77250 3.2 26970 151980 5.6 13580 44780 3.3 80300 32l210 4.0 
Vl 1972 17980 55990 3.1 21510 70660 3.3 28900 168480 5.8 14690 42380 2.9 83080 345510 4.1 
1973 20500 82000 4.0 25000 125000 5.0 28000 217000 7.5 13500 54000 4.0 88000 478000 5.4 
1974 13450 22000 1.6 26400 78200 3.0 23800 135400 5.7 9650 34400 3.6 73000 270000 3.7 
1975 14300 31700 2.2 26800 115000 4.3 25100 175400 7.0 7800 39400 5.1 74000 361500 4.9 
1976 17920 88760 4.9 33250 253790 7.6 36480 344260 9.4 9830 67710 6.8 97480 754570 7.7 
a Area in hectares; production in quintals; yields in quintals /ha . 
rusts in the coastal and subcoastal areas, and this may or may not be serious depending on 
the earl iness of the disease outbreak . Fusarium spec ies cause important diseases in lentil 
crops, espec iall y as to lerance is low in local varieties . Root rot and powdery mildew are 
also fairly common diseases o f fi e ld peas. In general, the level of disease infec tions and 
resulting yie ld losses is much higher in the moister environment of the coastal areas than in 
the dry interior where diseases are seldom a problem. 
Of the insect pes ts attacking legu mes in Algeria , bruchids, Bruchus sp. , are of prime 
importance . Seed damage in lentil s, which are much more vigorously attacked than the 
other pulse crops, may reach as high as 40%; in chick- peas, broad beans , and fi e ld peas 
damage usuall y ranges between 15 and 30%. Also of importance are aphids, Aphis sp ., 
wh ich are common pests of broad beans, lentils , and fi eld peas, and which may become 
epidemic in some seasons. 
At present no methods of control are being imp lemented for e ither the di seases or 
pests outlined above . 
Weed infestation is by al l standards the most important factor limiting legume 
production in the country, and different weed spec ies are endemic to the whole range of 
arable land . Wi ld mustard , bindweed , pigweed , and lambsquarter are the most important 
broad leaf weeds , and the grass weeds that pose probl ems inc lude wild oats , bromegrass, 
and ryegrass. Weed control mainly involves the use of cultivators or disc harrows to 
e liminate between-row weeds, but weeds growing within the row are not generally 
controlled. Chemical methods are thu s being encouraged as a means of achieving more 
total control , but at prese nt are only used on a very sma ll scale. The use of Trifluralin as a 
preplanting control has been included as part of a package of production practices for full 
mechanization of len til production, and it is hoped that this will result in about l 0% of the 
food legume production area receiving adequate chemical control by the end of the 1979 
cropping season . 
Major Problems of Production 
The fa ilure of legume production to become a vi able economic enterprise in Algerian 
agriculture has largel y stemmed from the fact that farmers have no interes t in large-sca le 
production. This is due to the very low productivity under the existing production practices 
and the rising cost and scarc ity o f the necessary hand labour , espec iall y at harvest time. 
Furthermore , the proven success and ease of mechani zed cereal production sys tems has 
resulted in legume production becoming increas ing ly less popular with the farmers than the 
alternative cereal enterprises. 
Apart from the labour problems , there are several fac tors that contribute to the 
prohibit ively low productivity of legume crops in Algeria: 
( l ) Food leg umes are generally grow n on marginal land not eas ily accessible to 
machinery and unsuited to cereal production. 
(2) Lack of chemical weed control and the high population of very competiti ve weeds 
necessitate pl anting the crops in wide rows to facilitate mechanical weeding . Fewer crops 
can thus be grown per unit area. 
(3) Late sowing of lentils and chick-peas, low seed rates, and poor seedbeds 
frequently res ult in weak stands. The crops are highl y susceptible to moisture stress, 
particularly when it is severe at flowering and pod filling. 
(4) Absence of disease and pest control result in severe crop losses when condi tions 
are favo urable . 
(5) Stresses , such as late frosts and dry (S irocco) wi nds at critical crop growth stages, 
cause considerable yield reductions. 
(6) Excess ive postharvest manipulation and mi shand ling losses may reach as hi gh as 
20%. 
(7) Lack of mec hanization at sowi ng and harvesting reduces the timelin ess of these 
operat ions, increases losses, and results in very high labour costs. 
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Research and Extension Support Available 
The only o rgan iza tio n e ngaged in fie ld crops researc h in Algeri a is the In stitute for the 
Deve lopment o f Field Crops (IDGC ). This ins titute is respons ibl e direc tly to the Minis try 
of Agricu lture and Agrarian Reform and its work is carr ied out through two regional 
centres (East and West) and six experimental s tations spread th roug hout the main 
agricultural zones of the country. The main work of the two cen tres involves ex tras tat ion 
experimen ta tion and the coordination of the application and su pply of agri cultu ra l 
technology. whereas the experimental statio ns are mainly e ngaged in crop improvement 
practices. which include hybridization on a limited scale , tes ting of select ions, and the 
ini tial s tages of seed multip lication. Agronomic experiments a nd variety trial s are usuall y 
conducted over many locat io ns in the country and are the responsibil ity o f personne l 
working at the research centres. At present. research in food legumes is hampered by a lack 
of technical staff a t all levels. 
The ex te ns io n of improved techno log ies is the respons ibility of two orga niza tions. 
First , there is the ·'Operation lntegree de Recherche e t Deve loppeme nt , " whose personnel 
are part of the IDGC and which operates ma inl y a t the com mune leve l. The organization's 
work involves conducting demo nstration tria ls and field days to illustrate new tec hni ques 
and techno logies. and work ing c losely with the farmers of th e communes, he lping them to 
adjust to the new machinery and the utilization of the new technolog ies ge nerated by the 
research efforts. And second ly. th ere is the " Agrocombina. ··whi ch is a new organi za tion 
operating ex perimentally in only one d i trict as yet. It combines agr icul tu ralist . 
agronomis ts, and plant protec tio n and mach inery specialists in a group that operates at the 
farmer's level assisting groups of farmers in the realizatio n of the ir annual production 
targets . 
The mu lti plication and distribution o f seed of improved varie ti es is also the 
responsibility o f the IDGC. Breeders· seed and a large proportion of the certified seed is 
main ta ined a t the research s tations . Some certifi ed seed and a ll reg is tered seed is produced 
on IDGC se lec ted fa rms under th e supervis ion of IDGC perso nnel who issue certi ficates to 
the farmers involved. After la boratory analys is, the final certifi ca te is granted and the seed 
stocks are stored and distributed by the Cooperatives of Cereals and Food Legumes under 
the superv is io n of the IDG C. 
Current Research 
Breeding and Varietal Improvement 
Internatio nal broad bean, c hick-pea, and lentil materia l is tested at two locations. 1n 
the east and in the west of the country. The bes t types are then adv anced to replicated trials 
in three locations across the coun try where de ta iled crop growth charac ter istics and yie ld s 
are recorded . The lines performing cons iderabl y be tter than the loca l chec k varieti es are 
advanced to 2nd and 3rd year rep li cated trials spread over more locati ons and the select ion 
pressure is increased . At thi s s tage. or in the 4th year. the best selections are tested in 
comparat ive tri als on a large sca le. under farm co nditions in several locat ions in both the 
east and we t of the country. A few lines are then selected o n the basis of performance 
during the last 3 years and introduced into the seed multipl ica tion cycle. 
Agronomic Research 
Eigh t dates of sowing, a t 15-day interva ls from 15 ovember. are c urre ntl y being 
evaluated for the four crops in four locations. This ex perime nt is designed to yie ld 
in format io n on the opt imum pl an ting da te fo r each crop in each locatio n , toge ther with 
details of crop response to enviro nm ental stresses, such as fros t a nd droug ht. It is a lso 
hoped that the tri al wil l prov ide an indication of the feas ibi lity of growing le ntil s and 
chick-peas as a winter crop to avoid the severe droug ht s tress often e ncountered at 
flowering and thereafter in spring-sown crops. 
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The world coll ec ti ons of lenti ls and chick-peas are also being screened in thi s 
connection to identify varieties adaptable to winter sow ing, and many frost-resistant lines 
wi th good vegetat ive growth have already been identi fied. 
Trials on population studi es are also under way to ascertain the optimum and most 
economic combination of seed rate and plant spac ing that will lend itself to tota l 
mechanization of the lent il , chick-pea, and fi eld pea crops with the exist ing avail able fa rm 
machinery. 
A study of the interaction between inocu lation and fertilizatio n in lentils and 
chick-peas aims to es tabl ish whether inoculation with specific rather than nonspecific 
Rhizobia has any effect on plant stand and grain yie ld. This study should also give 
information on the efficacy of nitrogen fert ili zers appl ied earl y in the period of crop growth 
both in the presence and absence of Rhizobia. 
A screening tr ia l of 35 herbicides, to determ ine their effectiveness in the con trol of a 
broad spectrum of weeds and at the same time to evaluate crop tolerance to these 
chemicals, is also currently under way. T he herbic ides are being evaluated as applied at 
several stages: prepl anting, preemergence, early postemergence, and late postemergence. 
Results to date are prom ising, indicating several chemicals th at give 90% control of weeds 
wi th no noticeable effect on the crop. 
Another tri al on sowing methods for lentil s is in progress to ascerta in the effect of 
broadcast sow ing as opposed to drilling on pl an t stand, productivity , and ease of combine 
harvest ing. This is particularly important as the expertise of some farmers and the quality 
of some land makes it impossible to use seed drills we ll enough to arrive at a good plant 
stand. 
The in creas ing interes t in food legumes in Algeria , illustrated by its expanding 
research efforts, shows a more comprehensive unders tanding of the real problems limiting 
food legume producti on in the country than has hitherto been the case. A corresponding 
increase in the cooperat ion with other research effort s in the region wi ll enabl e this base of 
research work to be cons iderably expanded and strengthened so that the important aim of 
promoting food legume production into the rea lms of an economic farm enterprise and thus 
achieving the desired expansion in production may be realized in the near fu tu re. 
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Production and Improvement of Grain Legumes in Egypt 
Ali A. Ibrahim , Abdullah M. Nass ib , and Mohamed El-Sherbeeny 
Food Legume Research Section. Field Crops Institute, Agric11/t11ro/ Research Cen tre. Gi~a. Egvpt 
Food legumes are well known as rich and inexpens ive so urces of vege table protein for 
human nutrition. In Egypt th ey pl ay an essenti al role in the nutrition of the popul a tio n , 
balancing the deficiencies of the basically cereal diet and supply ing the bulk of th e dietary 
protein req uirements, espec iall y to the people of the predominantly rura l areas of the 
country. In add ition to these nutriti ve cons iderations. legumes are particularly valuable in 
the agricult ure of the country as . by virtue of their nitrogen-fixing capabil ity, they are ab le 
to sustain high yields in the face of minimum input s and at the same time improve soi l 
fertility . 
The legu me crop grown in Egypt include: broad beans (Vicia faba), lentils (Lens 
culinaris) , fenugreek (Trigonella feonumgraecum), chick-pea (Cicer arietin um) , and Jupin 
(Lupinus tennis). Of these. broad beans are by far the most important , occupy ing over half 
the 500 000 acres annually devoted to legume production. and consti tuting a dail y dish in 
the diet of most of the popul ati on. Lentils are secondary in importance, and chick-peas, 
although generall y cons idered to be of minor s ignificance , are becom ing increas ing ly 
popular wi th growers due to the expand ing marke t for the ir use in baby foods and other 
commodi ties. 
Broad beans are cultivated th roughout the country , w ith mo re emphasis o n th e regions 
of Middle and Upper Egypt (Fig . I) , and since 1950 their average yields have increased by 
about 39'k , even though the area under cultivation has remai ned fairly static (Table I) . This 
reflects the considerable in teres t shown in the crop across the country and the consequen tl y 
emphasized breeding efforts that have already cu lmin ated in the release of several varieties 
with better adaptation to the prevailing production condi ti ons than local landraces. In 
contrast to this, bo th the area and productio n of lentils have dec lined considerably over th e 
same period as a result of several major production cons traints, which inc lude unleve led 
soils , poor dra in age, and se vere waterloggi ng. These problems have ar isen mainl y as a 
consequence of the construction of the High Dam at Aswa n and the introduct io n of canal 
irrigat ion into Upper Egypt where lentils are predom inant ly grow n. The continuous decline 
in the ann ual acreage of legume crops. their se nsi ti vi ty to climatic conditions. and the high 
and var iab le losses caused by pests and d iseases are a ll co ntributing to the declining 
production s ituation. which is made all the more serio us by the rap idl y increasing 
population pressure. 
Although some progress has been achieved in yie ld improvement. the total production 
of both broad beans and lentil s is still below the local consu mpti on requirements. This has 
meant that large quantities of both food gra ins are imported every year; in 1976. for 
example, imports of broad beans and lentils were I 0 I 000 and 33 000 tons, or 28 % and 
46%, respect ively , of total requirements . 
Research Activities 
Grain legumes are grow n as win ter crops of relatively short dura tion (sown in 
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TABLE I. Average area ('000 feddans (I feddan = 0.42 ha)), production ('000 metric tonnes), and yield (kg/ha) for broad beans, lentils, and chick-peas in Egypt 
during the 1950-1977 period. 
Broad beans Lentils Chick-peas 
Year Area Prod . Yield, Area Prod. Yield Area Prod. Yield 
~ 
1950-54 328 225 1631 74 47.5 1527 12.0 8.2 1617 
1955-59 353 238 1605 80 48.0 1436 11.0 7.1 1525 
1960-64 365 282 1837 77 48.0 1489 11.0 8.0 1650 
1965-69 349 299 2037 65 39.7 1444 9.2 6.3 1639 
1970-74 283 280 236 1 64 50. I 1868 8.2 6. 1 1759 
1975-77 266 261 2265 57 33.8 1407 9.4 6.8 1726 
either cereals or cotton. As it is difficult to increase the area under leg ume c ulti va tion due 
to limitations on land rec lamation and competition from other winter crops , research 
geared to increasing production in Egy pt is prim ar ily foc used o n increasing yield per unit 
area. This research is carried out at Ministry of Agric ulture research institutes and stations 
througho ut the co untry (Fig . 1 ), and cons ists mainl y of breeding , agronomic inves ti ga-
tions, varietal purificatio n, and the propagation of foundation stocks. 
Breeding 
The major goals o f the broad bean breeding program are the incorpora tion of 
resis tance to the major pes ts and diseases (including Oroban che) and early maturity into 
stable and high- yielding var ie ties that have seeds of a high nu tritive and cook ing quality. 
For le ntils and chick- peas, however , the main priorities are to produce early maturing 
varieties that are res istant to root rot and wilt diseases and adapted to production conditions 
in the Nile Delta area . The in troduction of such var ieties will pave the way fo r an expansion 
of the lentil and chick-pea acreages into this nontraditional product ion region. 
Since the ear ly s tages o f legume improvement work in Egypt, the dominating breeding 
procedure has in vo lved select io n in local po pul ati ons and in segregating generations 
fo llow ing intervarietal crosses (indi vidua l plant selec tio n as part of a pedigree breeding 
sys tem). The success of this effort was limited by the narrow germ- pl asm pool of local 
landraces, which was in suffi cient to ensure a broad genet ic base to the breeding efforts . 
However, this handicap has been largely eliminated as a result of the provision of a large 
germ-plasm collec tio n of diverse geographical origin through the ALAD- IDRC-ICA RDA 
regional cooperat ive leg ume improvement program initiated in 1972. 
A number of entries of broad beans showi ng good resistance to chocolate spot and 
ru st , the major diseases of this crop , have been identified from this material. Other 
varieties with high protein contents , lodging res istance, and /or desirable y ield components 
have a lso been found. A n expanded breeding program has been initiated to combine these 
attributes with the adaptat ion to the local environment shown by native cultivars. This 
scheme involves hybridi za ti on fo llowed by compos iting promising lines of early 
genera tio ns for cross-polination by honey bees to produce improved populations. The 
traditional ped igree and improved bulk selec tion breed ing methods will, however, be 
retained to produce populat ions for use in hybridiza tion and pure- line breeding. 
An intensive cross ing program is planned fo r the production of new lentil and 
chick-pea lines from this recentl y introduced material. This will be accompanied by further 
screening and test ing of the introductions and selec ted material for res istance to root 
rot-wi lt diseases and adaptability to production in the Ni le Delta region . Promising 
material ari s ing o ut of a ll these breed ing efforts is included in a network of yield trials 
designed to evaluate its performance in the various different environmental regions of the 
country (see Fig . 1 ). 
The breeding work to date has resulted in the release of the fo llowing improved food 
















Tolerant to chocolate spot and rust; 
adapted to North Delta region. 
Wide adaptability ; recommended for 
South Delta and Middle Egypt areas . 
Adapted to Upper Egypt. 
Replacement for Giza 1 . 
Replacement for Rebaia 40. 
Adapted to rainfed basin regions. 
Large seeded; recommended for the 
Delta and Middle Egypt areas . 
Small seeded; Adapted to all regions. 
Diseases 
Choco late spot (Bo trytis fabae) and rust (Uromyces ./(1bae) are the most serious 
y ield-l imiting di seases of broad beans in Egypt and are espec ia ll y prevalent in the De lta 
regions . Crop losses can be as hig h as 50% whe n the diseases become ep idemic, but ann ual 
losses no rm all y vary from 5 to 20 % . C hem ical contro l usi ng fo liar sprays has been fo und to 
be effecti ve in minimi zing losses, and Dith ane M 45 is now recommended fo r fi e ld contro l 
of both diseases. De lay ing plant ing until ear ly November has also proved useful in 
red ucing c ro p losses, espec ia ll y in years of severe in fect io n. Cons iderab le atte ntion has, in 
the past. been directed tow ard disease cont ro l th rough res istant variet ies, and special 
screeni ng nurseries at Sakha and Nobar ia, where both d iseases are prevalent , have been 
used in an attempt to identify sources of res istance in segregating genera tio ns, new lines . 
and in troduc tio ns. Some promis ing ma ter ia l has been fo und , but no very strong sources of 
resis tance have ye t been identifi ed and hence progress has been sl ow . 
The most serious d iseases o f both le nti l and chick-pea are those of the root ro t-wilt 
complex (Fusarium sp. and Rhizoctonia sp. ), which can also be severe on broad beans. It 
has been fo und that losses fro m these d iseases can be minimized by improving suc h 
agronom ic fac tors as dra in age, soil leve ling, and crop water supply. A spec ial nursery fo r 
screeni ng broad bean , lentil , and chick-pea varie ties for res is tance to these d iseases has 
recentl y been set up at G iza. Thi s in volves the creation of severe conditions in· ' s ick pl ots'' 
and it is hoped will lead to the ident ification o f some prom is ing materi al in the near futu re. 
Pests 
Broomrape (Orobanche sp. ) 
T hi s parasitic weed presents serious probl ems in the production of a ll three major 
legume crops in Egypt. Some crops are so severe ly infes ted that large areas have to be 
abandoned every year. res ulting in immense yield losses. Of the e ight species of 
Orobanche recorded in the co untry. 0. crenaw , 0. rmnosa. and 0. aegrptiaca have been 
found to be the most common and to cause the greates t amount of crop da mage in the food 
legu mes. 
Although there are no to ta ll y effec ti ve methods for controlling this pes t, late sow ing 
(unti l the end of November). fl ooding pr io r to sow ing. deep sowing . pl anting of trap crops 
(crops that stimul ate Orobanche seeds to germin ate bu t ca nno t themse lves be paras iti zed, 
e.g . . fen ugree k , coriander, or fl ax) in the ro tati on. and p lantin g after rice have a ll bee n 
shown to red uce leve ls of infes ta tion . 
Insects 
Aphi ds (;1phis /a1111rni ) are the mos t impo rt ant fie ld pests th ro ugho ut th e country a nd 
are considered to be one of the major fac tors limi ting legume prod uc tion in Egypt. 
However. they can be sa ti sfactoril y co ntro ll ed th roug h the judicious use o f chemica l 
pesticides. 
Cons iderabl e losses o f broad bean, lentil , and chick-pea seed are also caused in store 
by in fes tat ions o f seed bee tles (Bruch us rnj/111a1111s, B. lent is, and B. incam atus ). 
Others 
Birds. espec ially sparrows, presen t a major prod uctio n probl em and ca use ex tens ive 
crop damage at the flower ing and early pod- filli ng s tages. At present there is no effect ive 
con tro l measure that can be recommended to combat thi s probl em . 
Agronomic Practices 
One of the major cons traints to increased produc tio n of food legumes in Egypt arises 
from the fac t th at these cro ps are grow n u nder trad itiona l and often s uboptimal product ion 
sys tems. Co nsiderab le researc h emphas is is thu s be ing placed on de termi ning optima l 
agronom ic criteri a. 
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Sowing Date 
Investigations over the past 3 years have indicated that the optimum sow ing date for 
broad beans var ies with variety and location; Giza 2 and Rebaia 40 are best sow n around 
mid-October in Middle and Upper Egypt, whereas the optimum time for p lanting Giza 1 in 
the North Delta is early November. Late sowing is to a certain extent recommended in 
these Delta regions for control of choco late spot rust and Oroba11che , which are 
widespread. 
For lentil s and chick-peas , studies have es tabl ished the optimum sowi ng date to be 
during the first 2 weeks of November. 
Population Density 
The majority of broad beans grown in Egypt are produced on ridges to fac ilitate 
agronom ic operat ions. Ex tensive research on ridge wid th , hill spacing w ithin ridges , and 
number of plants per hill has estab lished that the optimum population density for the 
existi ng varieties var ies between 80 and 85 plants /m2 (320 000-340 000 plants/acre). This 
may be achie ved by sowing two plants per hill , on hills 20 cm apart on ei ther side of ridges 
spaced at 60 cm. 
A ll lenti l seed is broadcast sown in Egypt using re lati vely high seed rates . Studies 
have shown that , although y ie ld increases slightl y with every in crease in sow ing rate , the 
optimum seed ra te ranges from 35 to 45 kg /acre when broadcast into a well -prepared 
seedbed and followed by good leveling . Invest igat ions on other methods of planting have 
indicated that the highest seed yield of len til s may be obtai ned by sowing 30 kg of seed per 
acre into ridges 60 cm apart. 
The standard population density for chic k-peas , used by farmers and research statio ns 
alike, is between 28 and 30 plants /m2 . However, the resu lts of a 2-year study indi cate th at 
yield/acre increases progressively and s ignificantl y wi th increasing plant population up to 
840 000 plants/acre . Further studies are requ ired to determine an optim um dens ity. 
Irrigation 
Results of studies on broad beans conducted at three locations representing the 
different env iro nments of the country have shown regional differences between the 
optimum number and timing of irriga tions. No signifi cant differences were detected 
between trea tments in the North Delta , and this can probab ly be attributed to the higher 
rainfa ll of this region. However, alterat ions in the watering regime in Middle and Upper 
Egypt resu lted in considerable yie ld differences. Based on these and o ther results , the 
recommended irrigation pattern for broad beans in Midd le and Upper Egypt in volves fou r 
irrigations at 30-day intervals from the time of sowing . In the Delta regions , where a 
certain amount of ra in may be received and increasing the irrigations has little effect on net 
yield , the necess ity of chocolate spot and ru st control has meant that a minimum number o f 
irrigat ions are recommended. 
The only commerc ial variety of lentil ava il ab le in Egypt is Giza 9, which is adapted to 
nonirrigated basin land prod uction in Upper Egypt. This variety is very susceptibl e to 
overwatering and thus, a lthough water stress commonly results in low yields , most fa rmers 
do not irriga te for fear of caus ing severe crop damage. Investigations into the optimum 
watering regime fo r this var iety have determined that two or three irrigations w ill g ive 
sign ificantly higher yields providing that the seedbed is level and well prepared and the 
distribution of seed and irriga tion is accurate. Much of Upper Egypt has come under 
perennial irrigatio n as a result of the constructi on of the High Dam , and , as a res ult , 
considerably more research needs to be done to produce lenti l varieties less susceptib le to 
overwatering to enab le production in this traditi onal area to con tinue at its former leve l. 
Fertilization 
In general , Egyptian soils suffer from very low leve ls of both nitrogen and phosphate. 
In recognition of this, considerable research effo rts have been directed toward ascerta ining 
the effec ts of artificial fertilization on the legume crops. 
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Crop response to nitrogen applications of 36 kg /ha varied from a I 0. 5c1c y ield increase 
in broad beans to a 6. 2% increase in lentils. Applications of phosphate at a ra te of 72 kg /ha 
caused a 15 .7% increase in the yield of broad beans. but on ly about ha lf thi s figure in 
len til s. Opt imu m yie ld s of broad beans were obtained with app lica ti ons of 36 kg N and 72 
kg P20 5 per hec tare, and a ppl ications of 18 kg N and 72 kg P20 :; to len til crops were found 
to be the mos t economical. 
Weed Control 
Weeds compete strongly with the growi ng legume crops for both water and nutrients. 
and con trol is thus essential for efficient production. Manual methods of cultivation are st ill 
the only ava il able means of carry ing out thi s task in most o f the legume-producing areas . 
To keep the field s clean, culti vation must be repeated three or four times during the 
growing season and this makes legume production very labour-i ntensive. Wit h labour cos ts 
rising fairly rapidly, it is becoming increasingly urgent to develop other less labour-
intensive cont rol procedures. 
Harvesting 
Legume crops se t their pod s over a fa irl y prol onged peri od of time , and the pods 
consequent ly ripen rather unevenly . This makes harvestin g diffic ult as not a ll the pods w ill 
be at the same stage of ripeness at any one time. To minim ize harvesti ng losses, the plants 
have to be reaped before the pods are comp lete ly dry and le ft to mature in the field . It is 
advisable to harvest these crops early in the morning to avoid undue shattering. which 
becomes serious as the plants dry out in the heat of the day. In vestigations have shown that 
the interaction between sow ing and harvesting dates have a highl y sign ificant effect upon 
seed yield. It has been concluded that. if the legume crops are sown at the recommended 
optimum dates. harvesting may be carr ied out most effic ientl y after 140-152 days , 
I 15-120 days, and 140-150 days for broad beans. lent il s. a nd chick-peas . respectively . 
Seed Quality and Mult iplication 
Seed samples of broad beans and lentil s from various trial s are rou tinely analyzed for 
protein co ntent and cook ing quality as part of a seed quality program. Resu lts to date 
indicate that , within local material. locality rather than var ie ty had the most effect upon 
seed quality as measured by these two criteria . However, there appears to be considerable 
variation in protein content within the material furnished by ALAD-ICARDA , and new 
facilities provided by IDRC should ass ist in developing an effective seed quality research 
program around this material. 
The maintenance, purification, and distribution of seed of new varieties developed in 
Egypt is the responsibility of two organizat ions: the Grain Legume Section of the Field 
Crops Research Institute ensures the multiplication and supply of the breeder"s. 
foundation, and registered seed in seed increase areas at the Ministry of Agriculture' s 
experimental stations and farms; a nd the Seed Department of the Ministry of Agriculture 
has the responsibility for the production , inspection , tes ting, and distribut ion of certified 
seed to the producers . 
Major Constraints to Legume Production 
The work of the research department outlined above is directed toward providing 
solutions to the critical problems that at present limit the production of food legume crops 
in Egypt. These constraints may be summarized as follows: 
• the lack of phys iologically efficient. high-nodulating, and disease- and pest-resi s tant 
varieties, resulting in low crop productivity; 
• the considerable gap between yields of varieties in experimental plots and the national 
average yie ld under production conditions, which may reflect a number of the agronomic 
factors out lined below; 
• problems of soil salinity associated with poor drainage and bad water management and 
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the continued use of manual operations in land preparation. weedi ng, harvesting, and 
threshing, wh ich are time consuming, costly , and result in considerable yield losses, 
ra ther than the more e ffi cient mec hanical methods: and 
• the small average size of land holdings, which makes it difficult to effectively utilize 
improved production tec hnologies. 
Des pite the consid erable progress already made th rough the researc h efforts of the 
country toward solving these and other producti on problems. the furth er potenti al for 
considerable in creases in yield , disease re sistance, and nutritional quality is well 
recognized. The program, in close co ll aboration with other organi za tions in the reg ion, is 
ac ti ve ly working toward the reali za tion of this potential both through the improvement of 
yie lding ability and through work des igned to ra ise the productivity of newly rec laimed 
land , together with the development of var ie ties suited to the different co nditi ons of these 
nontraditional areas of production. 
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Food Legume Production in the 
Hashemite Kingdom of Jordan 
M . Ab i Antoun 
Faculty of Agric11/111re . U11i1·ers i1_1· of Jorda n. A111111011 . Jordon 
and A. Quo! 
Ministrv c1( Agrirn/111re. P .O. Box] 178, A11111111 11 . Jordan 
Jorda n has a classica ll y Med iterranean climate. characterized by warm dry summers 
and mild winters . during which all the annual rain fall is rece ived. Agroeco logically, the 
coun try can be divided into three major zones : th e Highl ands with an annual ra in fall of 
between 300 and 700 mm: the Jordan Valley . whi ch receives about 250-350 mm of rainfall 
per year ; and the Eastern Dese rt , where the rainfall se ldom exceeds I 00 mm . 
Agriculture is the bas ic industry of Jordan . constitu ting abo ut 30% of the gross 
national product. Of the total land area of the coun try. 13 .3% is arable and, of thi s , 89'n is 
devoted to the cultivation of win ter cerea ls, mainly wheat and barley. Grain leg umes 
occupy the bulk of the re maining l I '7c . or 28 000 ha of land concentrated in the northern 
and central hi ghl ands . where annual prec ip itation ranges between 300 and 450 mm (Fig. 
I ). 
Lenti ls, chick-peas. and broad beans (fresh and dry) are the major food legumes 
grow n, and the area. production. and yield of these cro ps fo r the 5-year period 1973-77 are 
given in Tabl e I . Although yield and production are errat ic and ge nerall y low, there is 
considerable vari ati on between the major production regions , the northern district of lrbid 
being the most important production area and together with the Amman di strict producing 
the highest yields. The ex treme nuctuations in both crop area and yie ld can be attributed 
almost entirely to the erra ti c ra in fall and traditional production methods used in the 
coun try. 
Utilization and Marketing 
Despite exports of lenti ls amounting to I 0 000 tonnes in some years, Jord an may be 
considered a net importer of legume gra ins . With current market prices of $600/tonne for 
len til s and $700/tonne fo r broad beans. there is an in creasing interes t in ex panding pul se 
production in the coun try, both for import substitution in the case of broad beans and as a 
means of increasing export earni ngs from lentil product ion. Class icall y. legume gra ins are 
considered to be a good substitute fo r an ima l prote in in the di ets of the poorer sec ti ons of 
the population; however, improved prod uction and transport faci liti es have made red and 
white meats available to a large part of the populus. and legumes are now increasingly used 
as ·uppleme ntary protein sources . both as dry seed in the case of lentil s and chick-peas . 
and as dry and green seed in the case of broad beans. A canning industry is now evolving in 
support of chi ck-pea and broad bea n produc tion and dis tribution. 
Production Practices 
Food leg ume producti on in Jordan is carri ed out on very tradi tional lines. The pulses 
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eLENT I LS 
Ji.CHICK-PEAS 
•DRY BEANS 
a FRESH BEANS 
OPEN CODES = 100 HA 
CLOSED COD ES = 500 HA 
Fig. I. Distribution of gra in legumes i11 Jordan with reference to mean annual precipitation. 
Lentils are broadcast by hand at a rate of about 100-1 20 kg /ha in the period mid-December 
to mid-January and covered by a shallow plough . Chick-peas and broad beans are also 
hand-seeded , but into a furrow opened with a local plough , the seed rates being 80- 100 
kg/ha and 60-80 kg/ha respec ti ve ly . Rhizob ial inocu lat ion is not practiced and no 
fertilizers are applied to the crops. Harvesti ng in May /June is predo minantly by hand , and 
the crop is left out in the fi e ld to dry before be ing threshed from the haulm by an imal-drawn 
threshing boards or local threshers. 
The prob lems of food legume production , which cause severe limitat ions on the more 
widespread c ultivat io n a nd increased production of th ese crops, stem from the fact that all 
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TABLE I . Area (ha) . production (metric tonnes), and average yield (kg/ha) of the major legume crops in Jordan in the period 1973-77. 
Broad beans• 
Lentils Chick-peas Area Prod. Yield 
""'" 
Year Area Prod . Yield Area Prod. Yield D F D F D F 
'Ci 1973 18250 4490 246 3964 2579 651 679 896 370 7205 545 7253 
1974 21802 21596 991 5662 3792 1023 1135 848 1290 7519 1488 9640 
1975 22229 10476 471 3341 928 129 812 1337 240 16516 296 10025 
1976 25016 10873 435 1892 778 42 793 987 482 7149 608 7243 
1977 16179 7377 456 3216 1545 258 
• D = dry seed; F = fresh beans. 
° Figures for 1977 broad bean area. production , and yield were not available at time of writing. 
the productio n processes are carried out in the traditio na l ways. Improved techno logies 
related to high-y ie lding and stab le cultivars, cultu ra l prac tices, and mechani za tio n have not 
been app li ed to the pul se crops as ye t. With the cost o f labo ur rapidly becoming an 
inhibiting fac tor to legume production , the evolutio n of such tec hno log ies and their 
application to the real s itua tion is now becoming a matter of urge ncy if the present leve l of 
production is to be maintained or increased in the future . 
Research Activities 
Research o n food leg umes is carried o ut ma inl y by the Minis try of Agriculture, at the ir 
experimental stations, and the Uni versity o f Jordan 's Facult y of Agriculture. A recent 
survey and coll ec ti on of local germ plasm together with material prov ided by I CA RDA has 
enabl ed a selec tio n program aimed at ide ntifying ge no types w ith improved yie lding 
abilities under the local e nvironment conditi ons to be initiated. Alo ngs ide thi s, 
investigations into crop agrono my. cultural practices , and improved producti on techniques 
(viz. mechani zation) are also currently under way. Prioriti es sho uld be g iven to the 
expans ion of research ac ti vities and the es tabli shment o f a firm base to seed multiplica tio n 
and di stribution in the country so th at the popul arity o f gra in legumes can be increased to 
take advantage o f the favourabl e market conditions th at ex is t fo r pul se products at the 
present time . 
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Food Legume Production and Improvement in Iran 
M . C. Amirshahi 
College of Agrirnlture. Un il'ers itY of Tehran. Kara). Iran 
The total land area of Iran is about I .6 mi ll io n km 2 , of whi ch only I 7.48 milli on ha are 
under cultivati on. Because a large amount of land is left fa llow every year, the annual 
cropped area is o nl y approximately 11. 288 million ha and the area de voted to the 
produc ti on of food legumes is about 423 000 ha per year , or 3.7% of the c ropped area. 
Due to its geographic location , the country ex periences a very wide range of climatic 
condi tio ns, rangin g from very cold and arid in the no rthern mounta in ous areas to hot , 
tropical and subtropical climes around the Persian Gulf and the Oman Sea in the south . 
From an agroecological standpo int , Iran can be divided into a number of characteristic 
zones (Fig. I): 
( I) the Caspian Sea area, in the north , whic h has a very high annua l rainfall , varying 
from 700 to 1200 mm ; broad beans and dry beans are the main legu.me crops 
produced; 
(2) the mountainous regions of the northwest and northeast. with high ele vati ons and 
350-500 mm an nual precipitat io n , where the major legume crops are lentil s. 
chick-peas , and dry beans; 
(3) the Central and Eas tern Pl ateau, stretching from the mounta in ranges to the desert 
areas. The precipitation varies from 250 mm in the vic init y of the mo untains dow n 
to less than JOO mm near the deserts. C hick-peas , lentil s , cowpeas, dry beans , and 
mungbeans are the main legume crops; 
(4) the southwes tern p lains of Khouzistan, whic h have a very ho t and humid summer 
climate and an annual rainfall of about 200 mm and where broad beans, dry beans , 
cowpeas , and mu ngbeans predominate among the legumes ; 
(5) the south and southeast of the country, where prec ipitation is ve ry low and the 
climate is hot and dry in the summer period. The most important food legume 
crops are mungbeans, dry beans , and broad beans. 
Of the total pulse production area, approximately 69.5% is ra infed and 30.5 % 
irrigated . T he area , product ion, and yie ld of the main legume crops are g iven in T able 1. 
The very low average yield s of pul se crops in Iran reflect th e wide range of condit ions 
under which they are grown and the difficu lty of obtaining a nd recommend ing varieties and 
agronomic practices to fit these very var ied ecological nic hes. 
Utilization and Production 
Grain legumes provide a very useful source of protein to the diets of the popul ation of 
Iran and are used mainly as dry seeds, with the except ion of broad beans and dry beans , 
which are also consumed as green seed . In addition , the by-products of seed production . 
the pods and plant hau lms , provide a very valuable an ima l fodder. 
Chic k-peas and lentils, the two most important pul se crops in the country , are 
predominantly grown in the mo untainous reg io ns under rainfed conditio ns where they are 
rotated wi th a cereal crop (wheat , barley, or rye) and a fa ll ow period . T he crops are 
normally sown from Marc h to late Apri l and the harves ting season ex tends from mid -Ju ly 
to mid-August. 
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Fig. I . Agroeco/ogica/ divisions and some pulse-growing areas of Iran. A, Caspian Sea area; B. 
mounrain region ; C. Cemral and Easrern Plareau; D. Khouzisran Plains; E. dry solllh and sowheasr .. 
TABLE I. Estimated area ('000 ha) , production ('000 metric tonnes), and average yield (kg/ha) of 
legume crops in Iran . 
Area Avg 
Crop Rainfed Irrigated Total Production Yield 
Chick-peas 236 57 293 149 508 
Beans (incl. 3 36 39 48 1231 
cowpeas) 
Lentils 45 2.5 47 .5 22 483 
Mungbeans 25 25 12.5 500 
Broad beans 9.9 8.6 18 .5 23 .2 1250 
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Dry beans. cowpeas. and broad beans are grown throug hout the country, and with the 
exception of production in the Caspian region , are c ultivated under irrigation . The hi gh 
rainfall of the Caspian reg io n enables these crops to be prod uced without supp lementary 
watering. In thi s area they are grown in rotat ion with rice and are planted between late 
Marc h and mid-May, dependin g on c limatic conditions. In the Cen tral Pla teau areas and 
the south and south western parts of Iran, where producti on involves irrigation, the pl anting 
seasons are la te April to la te June a nd late December to earl y February respectively . 
Harvesting of green pods commences 2 1'2-3 months a ft e r planting and of dry seed I 1h. 
month s after thi s . the seaso n being very ex tended as a res ult o f the wide range of pl anting 
dates. 
Mungbeans are grow n in very small plots and o ften fo ll ow cereal cro ps in a rotatio n. 
Planting start s from earl y June in the Central Pl ateau to mid-Jul y in the Khouzis tan plains. 
and the harvesting season ex te nds from late September to late October. 
Diseases 
The two diseases of major impo rtance to c hi ck-pea production in Iran are c hick-pea 
bli ght caused by Ascochy1a rabiei and root rot caused by Rhizouonia solani and poss ibly 
also Fusarium and P_l'rhi11111 species. Bo th these diseases cause severe yield losses in the 
ma in chick-pea produc ing areas. Fun gicides suc h as Caplan, Dyrene, Benlate, and Zineb 
have been found to g ive good control o f blight , and seed trea tmen t with Thiabendazole or 
Benl ate is effective in red uc ing root rot infections. 
Root rot is also a major problem in dry (Phaseo/us) bea ns, where. together with bean 
common mosaic virus (BCMV), it causes considerable damage to the crop. Fortunately 
bean varieties with varying degrees of res is tance to these diseases have been found and are 
at prese nt being used in the productio n of resistant cultivars as a control measure. 
Viruses are also the main di sease-causing organisms in cowpeas (common aph id-
transferred mosa ic virus (CA MY) ), broad beans (bean ye llow mosaic vi ru s (BYMV)) , and 
mungbeans (BCMV and BYMV). Viral diseases are very damag ing and cause considerable 
yield reduction. The y are especially important in the broad bean crop. Although some 
res istance to CAMV has been found in cowpeas and is being used in the production of 
hybrid variet ies, no res is tance to BYMV has yet been discovered in broad bean lines. 
Pests 
Aphids, which include the gree n aph id (Ac_l'r1hosipho 11 sesbaniae). the broad bean 
aphid (A phis fabae), and the chick-pea aphid (Therioaphis Trifolii) , are very damaging to 
all the pulse crops. both as a resu lt of their infes tation a nd due to the ir virus transmiss ion 
abilities. Army worms (Laphgma exigua) are also a major pest of all the legumes. 
Chick-peas are spec ifi call y affected by pod borers (He/io1his armigera and H. 
dipsaceae) and the seed corn maggot (Hylemia ci/icrnra ), whic h may cause considerable 
crop losses under favourab le conditions . 
Other important field pests include the c hi ck-pea fl y (Liriomyza congesTa) and thrips 
(Th rips inpurus) on lentil s: leaf hopper (Empoascafabae ), st riped beetle (Agrioris sp.) and 
spider mite (Terranchus bi111acula1us) on beans ; and bean butterfl y (L_l'caena bae1icae) on 
cowpeas. 
Cowpea beetl e (Ca llo.rnbrnchus 111acula111s) and lentil beetle (Bruch us lens) are 
important pulse storage pests and can result in considerable losses in seed quality as wel l as 
quantity. 
Each of these pests has been studied in detail and appropri ate control meas ures 
developed through pestic ides, cultural practices, and, in some cases, particularly in 
cowpea storage pes ts. through th e evolution of resi s tant var ie ties. 
Research Activities 
With the cooperation of the Mini stry of Agriculture, the Planning Organizatio n, 
USDA. and the University of Tehran . the Pulse Improveme nt Project was estab li shed at the 
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Karaj College of Agri culture in 1965. The main objec ti ve of this project is to produce 
high-yielding , good quality, disease-res istant var ieti es together with improved practices 
for their production. Since its inception , the projec t has bui lt up a germ-plasm collec tio n of 
over 12 000 lines o f the major pul se crops in Iran and has produced and re leased over 17 
improved var ieties of chick-pea, le ntil , cowpea, dry bean. and mungbean for production 
througho ut the country. Varie tal development has been geared mainly to c ultivation under 
irriga tion and it is es timated that 20 000 ha of land are now a nnuall y sow n to these 
varieties , which y ield two or three times the leve l of the traditionall y grown types. 
Experiments and tes ts are carried out at Karaj , in the experime ntal s tatio ns of the 
Ministry of Agriculture throughout the country, and at various other Agric ultu ra l Colleges, 
to ensure that the inves tigatio ns are appropriate to the wide range of climatic conditi ons 
that ex ist within Iran . In this way, agronom ic research, in support of var ietal develo pment , 
to determine crop water requirements, ferti lizer needs, optimum planting dates, and 
pla nting densiti es and other cultu ra l practices and requireme nts is bei ng carried out across 
the country. Suc h work a ims to promote the producti o n and spread of the pul se crops, 
whic h play s uc h an important role in the nutrition o f suc h a large part of the populat io n o f 
Iran. 
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Food Legumes in Iraq 
Mahmoud A. Mayouf 
Ministry of Agriculture . Bagdad. Iraq 
The Iraqi climate is continental and arid , with temperatures reaching 47 °C in summer 
and dropping to -I °C in winter. The annual ra in fall , which is concentrated between the 
months of October and May. ranges from 50 to 1200 mm across the country. On thi s basis 
and from its overall agroecology , Iraq can be di vided into three main zones : 
I ) . 
( I) the mountain region, where the annua l rainfall of 600- 1200 mm fa ll s mainly as 
snow and where tem peratures are extreme; the so ils are brown and ches tnut 
lithasols and are subject to considerab le erosion; food legumes are, in general, not 
grown in this region; 
(2) the dryl and farming region, in which ra in fall vari es between 250 and 500 mm and 
temperatures are less ex treme: in the upper pl ains, the so il lacks organic matter, 
but in the steppe areas it is deep and fert ile and well suited to the rainfed 
cultivation of chick-peas, lentil s. and broad beans; 
(3) the central and so uth ern reg ion, which includes a large part of the Tigris and 
Euphrates Valley, wi th rainfall averaging on ly 50- 150 mm per annum; the so il is 
mainl y silty clay loam to clay loam with a high pH , and legumes such as broad 
beans, peas , blackeye beans, and green gram are grown under predominantly 
irrigated conditions. 
The area prod ucti on and yield of the food leg ume cro ps vary between reg ions (Table 
Utilization and Marketing 
Food legumes are predominantly utilized for human consumption in Iraq , and are 
eaten as green pods (broad bean, cowpea, and Phaseolus bean) , green seed (broad bean and 
pea). and dry seed (chick-pea, lentil. broad bean . cowpea, and green gra m). In addition, 
some crops. such as gree n gram , are used fo r pasture and as a green manure , and crop 
res idues from grain producti on provide a valuable fodder fo r livestock. 
All pu lses are produced fo r the domestic market and there is no ex portation of these 
commod ities. Prices are unstable and vary over rime as a result of vari ations in suppl y and 
demand. However. the prices paid to producers are fi xed by the government each year and 
thi s lends some stability to th e mark et. Prices (in Iraqi dinars/tonne ( I Iraq i dinar = ca. 
U.S. $0.035)) for 1978 are as fo llows: 
Broad beans Green pods 80 
Dry seed 150 
Cow peas Dry seed 250 
Lentil s Dry seed 150 
Chick-peas Dry seed 140 
Green gram Dry seed 160 
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TABLE I. Area (ha), production (metric tonnes) , and average yield (kg/ha) of the major pulse crops in Iraq, 1973- 77. 
Broad bean Lentil Chick-pea Cow pea Green gram 
Area Prod . Yieldb Area Prod . Yield Area Prod . Yield Area Prod . Yield Area Prod . Yield ,. R" I R I R R R R R R R I I I 
1973 32710 8935 103521 18779 880 760 4271 2425 568 8291 4515 544 9703 35000 804 9495 7216 760 
(5200) (5200) 
1974 28650 8750 126946 20200 1040 920 3983 2573 648 9555 5296 556 8341 26770 870 13958 9216 660 
(4800) (3600) (4404) 
Ul 1975 34521 8400 126946 20200 1000 800 5140 4819 936 11411 7494 656 6341 26798 1016 13071 6887 528 °' (6000) (4000) 
1976 26575 8500 72801 24267 1000 880 5654 5204 920 13675 7180 525 6565 28160 858 11331 7643 680 
(6000) (4520) 
(4200) 
1977 33800 7512 154810 24931 1120 920 6335 5919 928 15000 9165 8727 38911 4760 8000 5422 676 
(6400) (4000) 
• I = irrigation; R = rainfed. 
b Unbracketed = dry seed yield; bracketed = green pod yie ld . 
Production Practices 
The production o f pulses in Iraq re li es ma inl y on the traditional techniques of 
cultivation. Ch ick-peas and lentil s are grow n in ro tation with cereal s in the north ern 
dry land farm ing areas of the country. while government farms are developing different 
rotations under irrigated conditions fo r broad beans and green gram. All tillage involves 
traditio nal implements and the seed is broadcast in the case of chi ck-peas , lentils. and 
green gram, or hand planted in furrows in the case of broad beans. cowpeas. and peas. 
Broad beans and lentil s are winter sown, generall y being planted in November at seed rates 
of 120 kg/ha and 60-80 kg/ha respect ive ly. whereas chi ck-peas , cow peas, and green gra m 
are summer crops sown from March , in the case of chick-peas, through to July. Chick-peas 
are sown at 60-80 kg /ha and cowpeas and green gram at 30 kg /ha. Only local unimproved 
varieties o f a ll these crops are used. Although fertilizers are no t normally appli ed by th e 
farming community, government farms usually add about 200 kg /ha of ammon ium su lfate 
and I 00 kg /ha of superphosphate to their crops. 
Pests and Diseases 
The diseases of pulse crops of major importance in Iraq in clude rus t (Uromvces 
phaseoli), leaf bl otc h (A lrernaria sp. ), and wilt (F11sari11m sp. ). Considerab le yield losses 
can result from infect io ns of these pathoge ns, and contro l meas ures in use and being 
developed involve an integra ti on of resistant var ie ti es with chemical and cultural methods. 
Black bean aphid (Aphisfahae) is the sing le-most important insect pest affecting gra in 
leg umes througho ut the country, causing damage from vira l tran smission as well as from 
its own infe statio n of the plants. Control is achieved through the use of Ma lathion a nd 
Fapoma sprays. 
Despite favourable soil and climatic conditions , the production of gra in legumes in 
Iraq is beset by several major problems that at present prevent any real expansion. These 
problems are based around the lac k of improved varieties with hi gher y ie lds , pest and 
disease resistance, and adaptation to the Iraqi environment , and the untimely and costly 
traditional production pract ices involv ing a high labour input. The hi gh and increasing cost 
of manual labour and its scarc ity at peak times are making the proble ms cons iderabl y more 
acute and are currently emphasizing the necessit y for substantia ll y expanded research 
efforts aimed at introducing new var ie ties and production tec hnolog ies suited to the 
condit ions of the country. 
Research Activities 
In appreciation o f this need , a Legume and Forage Division has recent ly been added to 
the Field Crops Sectio n of the Department of Research. This divisio n is invo lved with the 
development of new varie ties from selec tions made from local and introduced legume 
material and the evolution of agronomic practices suited to their widespread produc tio n . 
Spec ifically the work to date has involved screening nurseries received from FAO , the 
regional centre for legumes in Tehran. and other research in stitutes in the region ; 
conducting yield trials o n the promis ing lines ide ntified in these nurseries; and 
establishing, through experimentation. optimum dates o f planting, plant population , and 
rates of fertili zation. Although no breeding work has yet been undertaken , it is hoped to 
initiate several crossing programs in the near future. 
With both weather and soi l being we ll s uited to the large-scale production of a wide 
variety of legume crops. the provi ion of improved varieties and appropri ate mechanizat ion 
for the main operations of sowing , weeding , harves ting , and threshing will enable the 
cultivation of grain legumes in Iraq to expand considerably. For thi s reason the legume and 
forage research program is looking toward expanding its activities through increased 
cooperation with research institutes throughout the reg ion to provide techn ical training for 
its personnel and to interact with speciali s ts from all over the region who are working with 
and toward so lving the same critical problems. 
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Food Legume Research and Development 
in the Sudan 
Farouk A. Salih 
H11deiha Research Srarion . Plan/ Breeding Secrion . P .O. Box 31 . Ed- Domer . Suda n 
The Sudan. with the exception of the Red Sea hill s . lies within the region of summer 
rain fa ll. The rains las t for up to 9 months in the far south of the country where the total 
annual rainfall may reach 1500 mm , but the length of the season shortens and di stribution 
becomes more erratic as one moves northward , prec ipitation being practicall y zero in the 
northern-most parts. Temperature conditions are correspondingly more ex treme in the 
north . which may remain relatively co ld for 3-4 months of the year. The cool winter and 
their long duration in these parts of the country (the orthern and Nil e provinces. Fig. I) , 
coupled with the availability of irri ga tion water from the river Nil e . perm it the production 
of winter crops, whi ch include broad beans. hari cot beans. chick-pea , lentil s, lupin s, fi eld 
peas, and berseem. Of these crops, broad bean (Vicia faba L. ) is the most important. 
occ upying 60% of the pulse ac reage , fo llowed by haricot bean (Phaseolus 1•11/garis L. ), 
chick-pea (Cicer arie1inw11 ), and lentil (Lens culirwris ) (see Table I ) . 
Broad Bean (Vicia faba L.) 
Broad bean is grown as an irrigated crop in orthern Sudan and its culti vation is 
limited to the zone between latitudes I 3°N and 22°N, primarily around the cities of 
Dongola, Berber . and Shendi (Fig. I ). An est im ated area of 30 000 feddans ( I feddan = 
0 .42 ha) is cropped annuall y but yields vary greatl y between years depending on climatic 
conditi ons. 
Agronomic Aspects 
The recommended sowing time is between mid-October and earl y November. 
Pl anting earlier than thi s causes considerabl e losses due to infec tions of wi lt and root ro t 
diseases soon after plan ti ng. the prevalence of which increases with temperature. 
Late-sown crops also suffer and those sown in December may give no yield at all du e to 
high spring temperatures coinciding with fl owering and causing a large amount of fl ower 
shedding. Many ex periments have been conducted at the Hudeiba Research Stati on to 
in ves tigate the effect of seed ra te and spac ing on broad bean yield. Res ults of these studies 
have shown that very large vari ations in plant population have littl e effect on grain yield 
due to the compensatory nature of its components. Large-seeded varieties (e.g . . Rebaya 
34) have bee n found to emerge earli er and produce larger pl ants th an small -seeded types 
such as Ba ladi ; however, this phenomenon has not been effecti ve ly translated into 
apprec iably superi or seed yield due to the re lati ve ly fa ster growth ra tes of the small -seeded 
vari eties. 
Considerabl e ex perimentati on has yielded conflicting in fo rm ation on the effec t of 
fertili zation on broad bean seed yield: responses to fertilizer application range from zero to 
23 '7c increases in different in ves ti ga ti ons. The inco nclusiveness of these studies has led to 
increased interest in rhi zo bial inoc ul ati on as a means of in creas ing seed yield. lnocul ation 
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Fig. I . Main legume production areas of S11da11. • .research sta tions. main prod11ctio11 areas . 
of pl ants . but the use of a French strai n has been foun d to reduce nodu lat ion . Nitrogen 
applicat ion has been shown to reduce nodulat io n in both stra ins, affec ting the French type 
more than th e native Sudanese type. 
The high temperatures prevailing duri ng the growi ng season have a considerable 
effect o n the moisture regi me of the plants , produc ing appreciable water stress at certain 
stages. Researc h has indicated that the freq uency of irrigation is of great importance in 
minimi zing th is stress . A watering interval of 5 days gives signifi cantl y higher seed y ields 
than longer interva ls, and in creasing the interv al of watering at pod format io n from 7 to 14 
and 2 1 days has been show n to decrease seed yield by 36 and 76% . respec ti vely. This 
apprec iable e ffec t may be due to the fact that water infi ltrat ion is slow as a result of so il 
type , and he nce evaporatio n may be considerable. 
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TABLE I. Total area (in '000 feddans") and total production (in '()()() metric tonnes) of broad bean , 
haricot bean , and chick-pea in the Sudan from 1967 to 1977. 
Broad bean Haricot bean Chick-pea 
Crop year Area Prod . Area Prod. Area Prod . 
1967-68 22.9 13 .0 9.5 3.8 8.7 1.9 
1968-69 22.6 11.3 7 .5 2.5 3.5 1.6 
1969-70 22.7 15.6 7.8 4.0 4.4 0.8 
1970-71 27.2 18.8 8.4 4.2 4.8 4.9 
1971-72 43 .7 38.1 7.9 4.9 4.8 2.0 
1972- 73 27.8 17 .3 6.3 4.0 
1973-74 35.0 20.6 8.0 4.4 3.0 0.9 
1974-75 38.0 29.0 11.8 12.0 3.6 1.4 
1975-76 35.9 30.7 11.6 9.3 6.5 2.6 
1976-77 33.4 24.6 9.0 6.3 
" 1 feddan = 4200 m2 = 0.420 ha = 1.0379 acres . 
TABLE 2. Effect on seed yield and yield components of harvesting broad beans at different stages of 
maturity, in the Sudan. 
Seed yield Yield components (1977) 
Age of plant (kg lfeddan) 
at harvest T .s. w. • 
(days) 1976 1977 (g) Pods/plant Seed/pod 
80 492 262 18.3 2.5 
90 245 604 27 1 19.8 2. 1 
100 578 934 355 21.2 2.5 
110 918 993 398 19.0 2.6 
120 902 904 389 21.5 2.6 
130 753 
140 683 
• T.S.W. = thousand seed weight. 
Some farmers in the north of the Sudan harves t their broad bean crop after only 80 
days , with the aim of getting high prices at the time of lowest supply . However, it has been 
fo und that the difference in price obta ined wi ll not compensate for the yie ld reduction due 
to early harves ting. Inves tigations have indi cated that the highest seed y ield can be 
obtained by harves ting at 1 10 and 120 days after pl anting, but this of course will vary with 
the env ironmental conditi ons of the season (Table 2) . 
In fes tations of weeds also result in substan ti al y ie ld reductions in broad beans . 
Weeding has been traditionally carried out by hand , but because of the increasing cost of 
labour there is now an urgent need to investigate alternative contro l measures. 
Varietal Improvement 
Selection 
Broad bean breeding work was initiated in 196 1-62, with selections from Rebaya 40 
and Baladi var iet ies, to identify tolerance to powdery mildew combined with earliness and 
a high yield potential. Selection and testing in 1963, 1964, and 1965 led to the release of 
the variety Baladi in the 1967-68 season. 
Sing le plant selections for high pod number were made from Baladi and Rebaya 40 in 
1962-63. Continuous selec tion and yie ld tes ting led to the identification of the strain BF 
2/2, which showed a 47 . 7% increase in yie ld over the Balad i parent. The var iety was 
released for commerc ial production in the 1969-70 season. 
Further y ield tes ts over a range of locations in northern Sudan have produced the strain 
60 
Rebaya 29, which outyielded BF 2 /2 as well as being stable over the range of 
environments. Reba ya 29 was re leased in the 1973-74 season. 
In the 1972-73 season, a large-scale cooperative program between the Agricultural 
Research Corporation and ALAD provided the breeding efforts with thousands of varieties 
and segregating populations. Most of these were either susceptibl e to powdery mildew or 
mosaic virus, or flowered too late to g ive reasonable y ields, but 53 promising lines were 
screened and adapted from thi s collection. Of these, a nu mber of lines were found to 
out yie ld BF 2/2 and Hudeiba 72 by between 35 and 52% in tria ls during the 1975- 76 
season. Further yield testing has narrowed this down to 13 lines, which are entered in plot 
variety tria ls this season. 
Varietal Crosses 
Crosses were made with the aim of combining good agronomic c harac ters, such as 
high pod set percentage, high pod number per plant , good seed size, and tolerance or 
resistance to powdery mildew , from different parents into selected genoty pes. 
Single crosses involving I 0 varie ties were made in the 1969-70 seaso n and select ions 
made in the F2 , F3, and F5 generations. Pilot yield trials have shown that the yields of all 
select ions were greater than, or equal to , the controls used . Further yie ld trials are now 
under way on this material. In addition, the most promising crosses have also been crossed 
with Hudeiba 72 and some promising F2 material has been obtained. Breeding work has 
also involved the cross ing of fi ve varieties in a 5 x 5 dia ll ed cross , and the subsequent 
growing o ut of a ll seed in iso lation. wh ile encouraging intermating and crossing in an 
attempt to break linked charac ters. The highest y ielding I 0 se lecti ons from this program 
have been included in further yield assessme nt tri als. 
Specific Programs 
Correlation studies have shown broad bean yie ld to be highly dependent on the 
number of pods per plant or per unit area. As a result, selections for high numbers of pods 
per plant have been made from all varietal crosses, scree ning nurseries, and irradiated 
material. Se lection for au tofertility is currently being carried out in these lines . 
Breeding for resistance or to lerance to powdery mi ldew is considered to be of major 
importance in view of the damage caused by thi s disease. Se lection for tolerance was made 
in local se lections from Baladi and Reba ya 40 in 1962-63, from the vari etal crosses made 
in 1970-71 , from the three-way crosses made in 1975-76, from the new set of sing le 
crosses made between ALAD introductions and promising local varieties. and from X-ray 
irradiated material of three local types. In addition, sources of resistance were introduced 
from Germany and Russia and have been included in a backcross program. Although 
results of all these selec tions and testings are not yet ava ilable, as a consequence of the 
relative fa ilure of disease development in the country over the past 2 years, progress looks 
promising. 
Haricot Bean (Phaseolus vulgaris) 
The haricot bean. or dry bean. is one of the main cash crops of farmers in the Northern 
Province of Sudan. especiall y in the area around Shen di and Berber , which grows over 
97 % of the small dry white bean acreage of this province and where yields are of the order 
of 0.6 tons /feddan. 
Agronomic Aspects 
The optimum sowing date for dry beans is during the last 2 weeks of October, and 
early sowi ng will again resu lt in yield reduction, thi s time from plant injury due to sod ium 
toxicity. It has been show n th at seed yield is hi ghl y positive ly corre lated with decreasing 
plant spaci ngs, a spac ing of 60 x 20 c m giving the highest yie ld. Investigations on 
fertilization have revealed that app li cat ions of nitrogen at sow ing g ive significantly 
increased yields, but that phosphate fertilizers have little or no effec t. Nodul ation was 
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apprec iabl y improved and the nitroge n content o f plants increased by inocul ation with a 
local strain of Rhizobium. Short watering intervals o f about 7 days result in substantiall y 
higher yield s than e ither 14- or 2 1-day intervals , and this appears to be due to both a 
reduction of so il temperature and to the fa ct that sod iu m ions are kept at low 
concentrations , thus preventing damage to the crop , wh ich is widespread when 
concentrations build up . 
Varietal Improvement 
Selec tion work was ini t iated at Hude iba in the 1962- 63 season in an endeavour to 
discover a more suitable varie ty than the long-es tabli shed white and medium Baladi type. 
Work also commenced on breed ing for to lerance to a blastli ke disorder observed during the 
ac tive pod-fillin g phase of plant growth . Few select ions matched the perfo rmance of the 
Baladi variety and it became clear that improvements in yield and seed quality could be 
bes t achieved in thi s crop by selection from the standard Baladi type. The stra in R0/2/ 1, 
developed from selections fro m the orig inal Baladi parent , was fo und to consistently 
outyie ld Ba ladi in tri als in the 1966-67 and 1967- 68 seasons, and in 1969 it was re leased 
to farmers. S ince then it has remai ned the standard variety of dry bean in the Northern 
Prov ince. In 1969- 70 , breeding work was initiated to develop resis tance and to lerance to 
curly top virus disease , which is transmitted by the white fl y and can cause serious yie ld 
losses. Sing le pl ant selec tions with des irable charac ters fo r resis tance to thi s di sease were 
made from Baladi , R0 /2/ 1, and some introduced varieties. Slow progress is being made in 
this work. To select fo r plants tolerant to the bl as tlike di sorder , which has been discovered 
to be mainl y due to sodium toxic ity, the whole collec tion of breeding materi al was 
subjected to a variety of sow ing dates and hence to a var iety of ex pos ures to sodium 
toxici ty. This procedure will continue fo r a number of years and hopefull y produce some 
degree of tolerance. 
Chick-pea (Cicer arietinum L.) 
The cult ivation of chick-pea in Sudan is confined to the northern prov inces , where 
about 12 000 feddans are grown annuall y and where yields are generall y very low due to 
the insuffic iency of bas ic agronomic info rmation in the farmin g community . 
Agronomic Aspects 
Sowing date trials have shown that all pl ants sow n in September and early October 
d ied within I month of sowing. The highest yields appear to be obtained from mid- to late 
November plantings , and sowing 2 weeks earlier or later than th is optimum time res ults in 
considerable yield reductions. T he density of planting also has an apprec iabl e effect on 
seed yie ld , and planting on both sides of a 70-cm ridge with an interpl ant spac ing of 5 cm 
has been shown to g ive the highest yie lds. The optimum recommended between- and 
within-row spac in gs for production under irrigation are 60 cm and 5 cm with one plant per 
hole (or 10 cm with two plants per ho le). Applicati on of 36 kg N/feddan at sow ing 
increased yield significantl y , and splitting th is dress ing between sow ing and flowering 
gave even greater yie ld benefits . However , no response has been reported to e ither 
phosphate or po tash fe rtili zation . The high response to nitrogen applica tion suggests th at 
the soi ls have a low N statu s and /or rhizobial ac ti v ity is poor. Inspec tion of pl ant roots 
revealed no nodulation and th is has led to the introduction of two rhi zobi al strains from 
ICRISAT , which, although fi nal resu lts are not ye t ava il able , have produced very good 
nodulation in trials so far. Invest iga tions into watering intervals have shown no differences 
in seed yie ld between 7-day and 2 1-day irrigation cyc les, demonstrati ng th at chick-pea has 
a reasonabl e level of drought tolerance. 
Varietal Improvement 
Chick-pea breeding work began in the 1972-73 season in cooperation with IC RI SAT 
and ALAD , who suppli ed a large number of germ-plasm entr ies, segregating popul ations , 
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di sease-screening nurseries. and yield trials. The main aim of thi s effort is to produce 
varieties that combine a superior yielding ability with adaptation to a wide range of sowing 
dates, tolerance to sodium tox icity. and resistance or tolerance to diseases , especiall y wilt 
and stu nt virus . At the same time the work emphasizes the evolution of varieties that ca n be 
fitted into improved cropping patterns. 
Of the material col lected from both within and outside the country, about 100 wh ite 
seeded varieties were selected and grow n in a large pilot trial in 1976-77. Twelve e ntries, 
outyielding the local variety Baladi by about 20%. have been en tered into a standard 
variety trial this season and the results are being awaited. 
Lentil (Lens culinaris) 
In response to the hig h prevai ling prices, small areas (not exceeding 200 feddans) of 
lentils are grown annually in the Dongola and Haifa vicinity , but crop fa ilure is very 
frequent , as the climate tends to be too hot. Lack of suitabl e high- yield ing , heat-tolerant 
genotypes and appropriate agronomic practices prevent the better performance of lentil s in 
thi s area. However. lentil is the second-most importan t gra in legume foodst uff in Sudan , 
and as a resu lt every year the government has to import about U.S . $ 1 million worth of 
lentil s to fill the gap between domestic production and cons umpti on. To boost production 
and thereby replace imports. an improvemen t project was started at the Hude iba Research 
Station in 1972. 
Agronomic Aspects 
In general the opt imum sowing date for lentil s is we ll defined in the last week of 
November, deviations resulting in dramatic yield reductions. However , highly significant 
interactions have been found between sow ing date and soi l type as affec ting seed yie ld , the 
highest yields being obtai ned from plantings around early to mid-November on the lig hter 
soils, and in mid- to late November for the heav ier types (Table 3 ). Although yield 
increases with seed rate up to l 00 kg /feddan, diminishing returns from the higher rates 
make the optimum rate around 60 kg/feddan. Drought stress is a very important 
consideration in len til production in the Sudan, and investigations have shown that 
increasing the watering interval from the optimum of 7 days produced appreciable y ie ld 
reductions. Neither nitrogen, phosphate, nor potash app lications had any e ffect on seed 
yie ld. and studies have shown that this is probably due to the excessively high leve ls of soi l 
salinity under which the crops are grow n. Soil salinity and sodicity (excess salt in the so il 
ion-exchange complex) are major problems of crop production in northern Sudan. Lentils 
may be particularl y badly affected by these conditions and studies are currently under way 
to investigate the levels and mechanisms of sa lt tolerance within the crop. 
TABLE 3. Effect of sowing dates and different soil types on seed yield (kg/feddan) of lentils 
in the Sudan.• 
Soil type 
Sowing date Sandy clay lean Lean clay 
8 Oct. 4.6 5.9 
22 Oct. 466.8 134.8 
5 Nov. 671.0 671.0 
19 Nov. 650.8 702.1 
3 Dec. 331.9 81.1 
17 Dec . 163.4 31.1 
36 Dec . 18.1 0.8 
14 Jan. 1.3 0 












Breeding activities in lentil s were in iti ated in 1973 at the Hudeiba Station. Since then 
they have mainl y foc used on the screening of both domesti c and imported geneti c stocks. 
on the basis of yielding ability and agronomic tra its to provide a base fo r future breeding 
programs. Cooperati ve programs were established with ALAD in 1973 and latterly wi th 
!CARD A in 1977 and these suppl y all the ge neti c stoc ks and materials for the breedin g 
work. 
The Future Scope for Legume Crops 
For the las t I 0 years. about 46 000 feddan s of land have been devoted to leg ume 
production in the Northern and ile prov in ces of the Sudan. To sati sfy the projected 
growth in domestic co nsumption. and hence demand . fo r these commodi ti es, considerab le 
increases in producti on must be ac hieved over th e nex t 10 years . This can be accompl is hed 
th rough an ex pansion in culti vated area to approximate ly 120 000 fedda ns or a simil arly 
large increase in average yields of the ex istin g area under culti va tion. Obviously. any 
reaso nable expa nsion must in vo lve a combination of these two aspec ts; in creas ing the 
ac reage in the northern provinces and initiating producti on on an increas ing scale in those 
areas such as the White Nil e and Kassala provinces. which are not trad itional foci of 
legume production. while at the same time developing var ieties that will give improved 
yield s under the producti on co nditions of the areas in qu es tion. 
Special em phas is should be given to crops such as lentil s . for import rep lace ment, and 
dry white beans . the prod ucti on of wh ich has dropped apprec iab ly in rece nt years as a result 
of market ing problems. as well as the more tradi tionall y import ant and widely grow n broad 
bean . 
With the research programs geared to the evolu tion of high-yie lding varieties- with a 
good response to irri ga tion and other agronomic fac tors. including pop ulation density , 
sow ing date, and fe rtili zer application with rhi zobial inocul ation , and wi th the potenti al fo r 
expa nsion as a substitute for cotton in the White il e provinces schemes . the future fo r 
legume crops in the Sudan looks bright. Of co urse there are prob lems. but th e continuing 
expa nsion in the scope and the em phas is of both the breeding and agronomic components 
of research is reducing these problems to a manageable size. 
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Food Legume Improvement in Tunisia 
M. Bouslama 
Oil"ision technique de/' Office de cereals. JO Alain Sa\'Orv. Tun is 
and M. Djerbi 
/NAT, 43 al'enue Charles Nocolle. Tunis 
Agric ulture is considered to be the main source of the nati ona l economy of Tunis ia. 
Most of the culti vated land is restricted to the north of the co untry a nd farming is a lmost 
entirely under rainfed conditions. In this region , with mild winters and hot s ummers, the 
annual rainfa ll varies from 400 to 800 mm. The bulk of this precipitation norm ally occurs 
in the late fall , winter , and early spring , but its amount , intensi ty, and distribution 
flu ctuates widely between years. Thi s interseasonal variability is a feature of most of the 
c limati c factors within the Tunisian e nvironment. Great var iations in the total rainfall, the 
onset of the grow ing season and its duration, the ra in fal l dis tributio n during the season , the 
occurrence of frost and hail , and the timing of stress periods make predictions based on 
seasonal averages of environme nta l conditions very mislead ing and dangerous. Data 
derived and observations made in any o ne season must thus be considered against this 
backgro und of vari ability when making predictions concerning the future. 
The soil s in northern Tunis ia are very vari ab le: black and grey-brown rendzin as are 
common, but good deep so il s of alluvia l ori gin are also fou nd througho ut the region . 
Grain legumes are generally o nl y grown in areas with an annual rainfa ll greater than 
350 mm and on average occ upy I 00 000 ha of land. whic h is 6% of the cerea l producti on 
area. The annual acreage of gra in legumes, however, var ies considerably (see Table I ), 
be ing dependent on the amount and di stribution o f the rai nfall over the whole season . 
Average yields of grain legume crops are low , about 800 kg/ha for broad beans , 650 kg/ha 
for lentil s, 600 kg/ha fo r dry peas, and 850 kg/ha for chick-peas (Tab le I ), and could eas ily 
be doubled or tripled wi th adeq uate fertiliza tion and other practi ces . However , farmers are 
wary of using fertili zers, as previ ous ex perience has g ive n ve ry poor returns, probabl y due 
to the use of varieties with low yield potentials , la te maturity , and disease susceptibilit y. 
Utilization and Marketing 
Most o f the grai n leg umes are co nsumed as dry seed by the population, although a 
small amount is also used fo r animal feed. Altho ugh Tunisia ex ports approximately 11 000 
tonnes of broad beans and 4600 to nn es of chick-peas per year , the substantia l difference 
between producti on and domestic cons umption of dry beans and peas necessitates the 
annua l importation of about 2600 and 1350 tonnes of these crops, respectively. 
Although the average price of grain legumes has increased rapidly over the pas t 2 
years as a result of lower average yields, the prices paid to farm ers remain very unstab le 
du e to low quality and irreg ul ar production. This instabi lit y res ult s from factors th at 
include the vari abl e climate , the poor va rie ti es, and the losses from disease and pes t 
att acks, which cause low and variable y ield s; and the lac k of o n-farm storage facilities , 
which means that the fa rmers must se ll the ir produce soon after harves t in a glutted market 
and at a conseque ntly low price. 
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TABLE I. Area (ha), production (metric tonnes). and average yield (kg/ha) of dry legumes in Tunisia for the period 1971-77. 
Broad beans Lentils Dry peas Dry beans Chick-peas 
Year Area Prod . Yield Area Prod. Yield Area Prod. Yield Area Prod. Yield Area Prod. Yield 
1971 37507 22504 600 4567 2284 500 6947 3474 500 25000 17500 700 
°' 1972 30000 18000 600 7000 3000 430 8000 4800 600 30000 21000 700 °' 1973 37000 4000 5000 19000 
1974 53571 43515 812 5085 4248 840 5634 4383 780 19940 17620 880 
1975 57847 54105 940 3372 3562 1060 5351 4605 860 20565 18387 900 
1976 61177 66476 1090 628 436 700 5416 4296 790 19799 19148 970 
1977 58500 24170 423 1400 730 520 7800 2950 380 2200 2180 990 21700 16900 780 
Production Practices 
Cult ivation genera ll y fo llows a 2- or 3-year rotation scheme, the 2-year system 
in volving a legume followed by a cereal , and the 3-year rotat ion a forage- legume-wheat 
pattern. Both rotations are common throughout the arable areas and give good control over 
weeds in the cereal crops . However, the three-course sys tem is the most economic and 
farmers are increasingly favo uring it over the more simp le traditional two-course rotation. 
Grain legumes are always grown as rainfed crops. Broad beans are p lanted from 
mid-October to late November and harvested from late May onward: lentil s and peas are 
plan ted during the period mid-November to late December and harves ted in mid- to late 
June; and chick-peas and dry beans have the shortest growing season from planting in early 
March to mid-April to harves ting from the end of July. Production practices are 
mechanized in some regions of the country , but in many areas sowing, weed control, and 
harvesting are a ll carried out by hand . Altho ugh sti ll well be low the optimum , fertilizer use 
on legumes in Tuni sia has been steadily increasing in recent years. Currentl y, phosphate is 
the on ly fertilizer routinely applied (at between 130 and 180 kg /ha), as the soils do not lack 
potash , and nitrogen is not normall y requ ired by legume crops especially under conditio ns 
of reasonable soi l ferti lity. Together with moisture stress, weeds are perhaps the most 
important constraint to pulse production in Tunisia, and the e limination of these 
competitors will do much to increase yields and hence total production in the cou ntry. 
Herbicides have been used fo r weed control for several years , but usage has been con fin ed 
to only 10% of the legu me area, while over 50% is s till hand weeded. At present , Treflan is 
used to control grass weeds, and other compo unds such as Gesatop 50 for dicoty ledons, but 
much work still needs to be done on the phytotoxicity of such chemicals to the current or 
succeeding crops in the ro tation. to prevent adverse effects from their more widespread 
usage . 
Insects 
The two most important insect pests are the larvae of Hypera cri11i1a (leaf weevi ls), 
which are very common in broad beans , and aphids , which affect a ll the pu lse crops to a 
varying degree depending upon climatic cond itions during the growing season, higher 
temperatures tending to result in earlier and heavier infestat ions and hence more crop 
damage. At present , control of Hypera is achieved thro ugh sprayi ng with Phosaline 
(Azophene), and of aphids by Primor and Dimethoate. 
Diseases 
The main disease problems on legume crops include chocolate spot (Botrytis sp . ), blig ht 
(A scochyta sp.), wilt (Fusarium sp.), and rust (Uromyces sp .) . Crop losses vary with climatic 
conditions and may be considerable in some seasons. Benomyl (Benlate) is currently used to 
control infections of Botrytis, whereas the other diseases are usually minimized through the 
modification of cultural techniques. 
Other Pests 
Orobanche , the parasitic broomrape , can be a problem in some areas and , although there 
are no sharply defined control measures , infestations may be minimized by cultural and 
rotational techniques. 
Most grain legume var ieties grown in Tunisia are local cultivars traditional ly adapted to 
survive the unfavourable grow ing conditions characteristic of rainfed cu lture in the dry lands. 
However , these varieties have low yie ld potentials and very little resistance to pests and 
diseases and , as a result, regu larly produce low and very var iable yields. The identification 
and introduction of improved grain legume varieties wi th disease and pest res istance and 
adaptabi lity, combined wi th high yield potential, stab ili ty, and adequate grai n quality are thus 
essential prerequisites to the expansion of legume production in Tunisia. Lack of sufficient 
mechanization in these crops is a further problem, and considerable work remains to be done 
in this field to popularize the pulse crops with the farming community . 
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Research Activities 
Legume research and extension work is mainly carried out by the Technical Di vision of 
the Office of Cereals (ex-Wheat Project) in cooperation wi th the National Agronomic 
Insti tute of Tunisia (!NAT) and the National Agronomic Research Institute of Tunisia 
(IN RAT). 
Research is predom inan tl y geared to the development and introduction of high-yielding 
varieties and the screening of varieties fo r disease and lodging resistance, drought to lerance, 
and adequate grai n quality; the improvement of local varieties through selection and crossing 
with high-yielding culti vars; and the optimization of cultural practices, including fertilizer 
applications (especially phosphorus) , rates and dates of sowing, weed and insect control 
measures , tillage practices , and rotational systems. The varietal testing work involves a 
number of different nurseries of broad beans and chick-peas grown at two locations, namely 
Bourbia, with an annual precipitation of 320-400 mm, and Mateur, where the ra infall is 
between 500 and 600 mm per year. 
Extension work , on the other hand , in volves encouraging the farming community to 
adopt improved technolog ies and practices through information dissemination by the mass 
media; conducting farmer's field demonstrations; organizing meetings and fi e ld days to 
illustrate the results of good technical practices; and helping to ensure the avail ability and 
timely distribution of adequate supplies of seed , fertilizer, and herbicides to the farmers. 
However, both research and extension activities are severely hampered by the scarci ty of 
physical resources and trained manpower. As a result , the food legume crops, which are so 
important in terms of their contribut ions to the protein nutrition of the population and to soil 
fe rtili ty , have been seriously neglected in terms of practical research related to var ietal and 
cu ltural improvement. It is becoming increasingly urgent that we focus much more research 
attent ion and expertise on improving the two major legume crops of spec ific importance to 
the country, namely broad beans and chick-peas, to allow the ex pansion of production 
justified by the ir contributions to both agricu lture and nutrit ion. This can only be done by 
establishing increasing link ages and cooperative activities with other national and 
international research efforts working in the region, espec ially in the fields of training and 
info rmation exchange, as well as the more wide ly used facilities of the regional nursery 
program. At the same time, it is vi tal that increas ing link ages be es tablished between the 
research and the ex tension activi ties of the national improvement efforts, so that the new 
techno logies and practices developed by research, together with cooperating research 
programs , can be trans lated into the real improvements in produc tion that result from farmers 
actually implementing these innovations in the correct way. 
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Food Legume Production and Improvement 
in Lebanon 
R. Lahoud , M . Mus tafa , a nd M . S hehadeh 
Agric11/tural Research /11 s tit11te. Tel Amara . Lebanon 
Lebanon , with a total land area of o nly I 0 500 km2 , is the smalles t country in the 
eastern Mediterranean region. It is charac terized by an ex treme ,variability in envi ronmen-
tal cond itions . The terrai n changes, as one moves inland, from fl at coastal pla ins, th rough 
mounta in ranges, to the high altitude Beka ' a Valley; the average annual ra infa ll vari es fro m 
250 mm in the inl and areas to 1400 mm in the mounta ins, which may be under snow fo r 
3-4 months of the year; and temperatures range from -8 °C in the winter to 36 °C in the 
sum mer months. 
Due to the reasonably high summer temperatu res and long growing period. coupled 
with the ava ilability of irriga tion wa ter in the dri er regions, the ro le of food legume crops in 
the agricultura l sector of the economy is re lative ly m inor in compar ison with other more 
intens ive and high-re turn fruit and vegetable crops. The average annual prod uc tion of 
legume crops in Lebanon between 1963 and 1973 is show n in Tabl e I. 
T he rather low yie lds o f legume crops througho ut the country refl ect the lack of 
importance attached to these crops by the farming com munity, and poss ibl y a lso the lesser 
overall importance of agriculture in the na tional eco nomy. Grain legumes are normally 
grown in a 3-year rotation wi th cerea ls and summer vegetables and are almost invariably 
produced using traditional means. Le ntil s, chick-peas, and broad beans are usuall y 
broadcast, o ften into shallow furrows that are then covered with a culti va tor and appear 
almost as row-planted crops . Lentil s are sown in November and Dece mber at a ra te of 
about 200 kg/ha, whereas chick-peas and broad bean are both sown at 150 kg/ha. the 
fo rmer as a spring crop in March and the latter as a wi nter crop in ovember . Pl ant ing 
dates vary somewhat with location, and in general are ear lier in the lowland coasta l pl ain s 
than in the higher e levations of the Beka'a. Fertili zers are se ldom appli ed to the C'rop. 
Although hand harves ting is still practiced throughout the country, most threshing in volves 
the use of cereal thre ·hers. 
The lack of mechanization fo r pl anting and harves ting is a major production 
constra int , espec iall y in view of the increas ing cos t and scarc ity of hand labour at these 
times. Diseases, such as Ascochyra bli ght , Alrernaria spot, rust (Uromyces spp .), and 
chocolate spot (Borryris cinerea ), frequently become severe, causing cons iderabl e crop 
losses. In addition, lentils are infes ted with weev ils. chick-peas with caterpill ars, and 
broad beans are very prone to aphid damage. The lack of improved varieti es wi th res istance 
TABLE I. Area (ha), production (metric tonnes), and yield (t/ha) of legume crops in Lebanon. 
1963-73. 
Crop Area Prod . Yield 
Dry beans 908 861 0.9 
Broad beans 572 667 1.2 
Lentils 3067 1232 0.4 
Chick-peas 2769 1866 0.7 
Dry peas 161 142 0.9 
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or tolerance to these di seases and pests, and the poor genera l s tandard of agronom ic 
practices used fo r legume culti vation in lebanon , coupled with the problems resulting from 
its labo ur inte nsiveness are mak ing legume productio n inc reasi ng ly less econo mic, 
espec ially whe n compared with alternative crops such as cereals, fru its, and vege tables, 
which give mo re stab le yie ld s and higher returns . 
Both the Agricultural Research Institute and the Fac ult y of Agriculture at the 
American Univer ity of Be irut are ac tive ly involved in agric ultural researc h, whi ch 
includes work on the legume crops . Studies on nutritio nal quality, agronomy, nitrogen 
fixatio n , and breeding and select ion are carried o ut by these institutes and res ults have been 
published and used both locall y and internationall y . In recen t years research work 
involving food legume crops has been g iven a considerable boost by ass istance provided by 
internatio nal organizatio ns such as ALA D (now !CARDA) , FAO , and IDRC. T he food 
legume compo nent of the ALAD regional project initi ated in Lebanon in the early 1970s 
has stimulated an increased expansion of research ac ti vi ties, and its continu ation and 
e laboration in the recentl y fo rmed !CA RDA is seen as a great advantage fo r future work in 
this field . Unfortunate ly, the recent and continuing c ivil disturbances th rougho ut the 
country are at present making the p lanning and imple mentation of research work very 
difficult. 
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Grain Legume Production in Turkey 
D . Eser 
Department of Plant Growing and Breeding. Faculty of Agricult11re, 
Ankara U11i1•ersity, Ankara. Turkey 
Turkey forms a bridge between Europe and Asia, and is bounded by sea on three 
sides . It covers 779 452 km 2 and can be divided into nine distinct agroecological zones 
(Fig. 1 ). The c limate varies cons iderably across the country; extremes of summer heat and 
winter cold, and a meagre 250-300 mm an nual rainfall are experi enced in the interior areas 
and in East and Southeas t Anatolia; and the coastal areas, by virtue of the maritime 
influence, have a milder, less extreme c limate with between 550 and 1000 mm of rainfall 
per annum. The soils also exhibit appreciable variation , but are, in genera l, rich in lime and 
potash a nd defic ient in ava ilable phosphate and nitrogen. 
Grain leg ume crops occupy about 461 000 ha or approximately 2.8% of the total g 
from its labou Lentil s are the most widely grown of these crops, followed by chick-peas, 
Phaseo/us (dry) beans, broad beans , dry peas, and cow peas. The changes in area, 
production. a nd yie ld of these pulses in Turkey between 1960 and 1976 are illu strated in 
Table I . Len til s, chick-peas, and dry beans are grown throughout the country , with the 
poss ible exception of the very mountainous Ea t Anatolian area. The c ultivation of dry 
peas and broad beans , however , is confined to the milder coastal regions , and cowpeas are 
grown solely in West Anatolia. Yields vary between regions depending on environmental 
conditions, but these differences are not sign ificant. 
Utilization and Marketing 
In Turkey , food legumes are used a lmost exclusively for human consumption , 
chick-peas and lentils mainly being eaten as the dry seed , and broad beans , peas , Phaseo/us 
beans, and cowpeas eaten as green pods , green seeds, or dry seeds. The green seeds of 
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TABLE I. Area (ha) , production (metric tonnes), and yield (kg/ha) of grain legumes in Turkey. 1960-76. 
Chick-pea Lentil Dry peas Dry beans Broad beans Cow peas 
---
Year Area Prod . Yield Area Prod . Yield Area Prod . Yield Area Prod . Yield Area Prod. Yield Area Prod . Yield 
1960 86500 97000 1121 104000 98000 942 2000 2400 1200 I 15000 150000 1304 39000 51000 1308 2000 2000 1000 
1965 85000 89000 1047 100000 90000 900 5000 6000 1200 I I 0000 140000 1273 35000 45000 1286 2400 3000 833 
-i 1970 100000 109000 1090 108000 92000 852 3700 4000 1051 99000 138000 1394 29000 39000 1345 2500 2300 920 
N 197 1 110000 133000 1209 105000 101000 962 3000 4200 1400 102000 153000 1500 31000 42000 1355 2250 2050 911 
1972 161902 182964 1130 103209 105400 1021 3160 4538 1436 104511 158465 1516 32735 46736 1428 2150 2100 977 
1973 184092 185271 1006 85044 67204 790 3000 4400 1467 99498 147000 1477 31000 45998 1484 2100 1900 905 
1974 175050 195000 1114 115960 120000 1035 2500 3490 1396 100000 144000 1440 34000 54000 1588 2000 1800 900 
1975 139991 171900 1228 124428 135000 1085 2750 3500 1273 94001 155000 1649 30950 49920 1613 2000 2500 1250 
1976 137960 170003 1232 186000 210040 1129 2900 4000 1379 102001 158375 1553 29994 47500 1584 1949 1850 949 
these latter crops are also used in the canned food industry . T he by-produc ts of legume seed 
production are used extens ivel y as animal feeds and fetch much hi gher prices than the 
by-products of cereal crops. 
Turkey annually expo rts considerable quantities of chick-peas and lentil s and smaller 
amounts of Phaseo/us beans, broad beans, and cowpeas, but no dry peas. In the past 4 
years the quantities of chick-peas and lent il s exported have r isen dramatica ll y and these 
crops now make an apprec iable contribution to the agricultural foreign earnings of the 
country. 
Production Practices 
Lentils and chick-peas are commonly grown in a 2-year rotation wi th winter cereals , 
especially wheat. The other pul ses can be grow n in several a ltern ative sys tems involving 
cereals and industri al crops, such as cotton and sugar beet. 
Lentils ca n be grown as a winter or summer crop, be ing sown in November and 
February for harvest in mid-May in the southeast, and in October-November and 
February-March for harvest in May-J une in the central areas . Broad beans and peas, 
predomi nantly cult ivated in the Mediterranean and Aegean coas tal regions , are sown as 
winter crops in November for ear!y green seed and as summer crops in February-March fo r 
dry seed production in July. In contras t to the other crops, chick-peas , Phaseo/us beans , 
and cowpeas are only produced as spring-sow n crops . Chick- peas are sown in an extended 
season from March to May and harvested, depending upon sowing date. between June and 
mid-August. The planting of Phaseolus beans and cowpeas is governed by the occurrence 
of the last frost of the season, and usually takes place at the end of March in south and west 
regions. mid-April in central regions. and later still in the eas t of the coun try. Harvest ing is 
carried out during the month of August. 
With the exception of lent ils , no improved varieties of grain legumes are currently 
being grown by the farming community. However, four winter and two summer varieties 
of lentils stemming from the breeding work at the Univers ity of Ankara and the 
Agricultural Research Institute at Esk isehir are now avai lab le . More emphasis is placed on 
the winter crop as y ie lds can be I 00% greater than with summer production. 
Seedbed preparation is carried out with a heavy plough , duckfoot plough, or sweep 
plough , the latter of which has become increas ing ly favoured in recent years. The seed is 
usually broadcast , but row sow ing is now ga ining in impo rtance. Seed rates are calcu lated 
according to the seed size and the field spac ing, which is 15-20 cm between rows and 2-3 
cm within rows in the case of lentils, 20-30 cm between rows, and I 0-15 cm within rows 
for chick-peas, broad beans, Phaseolus beans, and cowpeas , and 30-40 cm between rows 
for dry peas. None of the seed is inoculated with Rhizobiwn bacteria before sow ing. 
Until recently . fertilizat ion of legume crops was nonex istent , but most pulse crops 
now receive about 40 kg/ha of nitrogen and 60 kg/ha of phosph ate at sow ing. Besides 
chick-pea and lentil , which are trad itionall y grow n under rai nfed conditions, broad beans 
and dry peas are also cultivated without recourse to irri ga tion in Turkey. T hi s is because 
the coastal areas in which they are predominantl y grow n receive high rates of rainfall. 
However. Phaseolus beans and cowpeas may receive furrow or flood irriga tion in the drier 
areas when co nditions dictate . 
All the pul se crops are harvested by hand , although in some areas lentil s are now being 
reaped with the aid of a grass cut ter. After harves ting they are fi e ld dried and then threshed 
on a hard piece of ground before the seed is finall y separated from the chaff by winnowing. 
Lentil s are a lso threshed using wheat threshers in some parts of the co untry. 
Pests and Diseases 
Seed beetl es (Bruch us sp .) cause considerable seed losses in a ll the pulses with the 
exception of chick-peas , where Liriomyza congesra (the chick-pea fly), may be very 
damaging . A large amount o f damage is also caused by var ious soi l- li ving pes ts , such as 
the army worm (Laphygma exigua) and the cutworms (Ag rot is sp. ). The contro l of these 
insects can be ach ieved through the trea tment of the so il with suitable chemicals or seed 
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treatment with insecticides such as Ceresan. Bruchids are contro ll ed by fumi gating the 
threshed seed with phostoks in before storage. 
Both fungal and vira l pathogens are fairl y widespread in the country, affecting a ll the 
legume crops. Root rot caused by Fusarium oxysporum and Pythium ult irnum has become a 
major problem in all the pul ses, espec ially in chick-peas , where together with Ascochyta 
blight (A . rabiei) it causes the bulk of crop disease losses. 
Weeds are removed manuall y in one or two operations during the season; herbic ides 
are not used for weed control as yet. 
There is currently a great opportunity for considerable increases in the production of 
the major grain legume crops in Turkey, espec ially in view of the buoyant export market 
fo r grain legume products. However, at present , expansion is hindered by several major 
yie ld- limiting factors. These inc lude d isease problems, cos tl y and ineffi c ient manual weed 
control and harvesting practices , and high overall production costs , which, together with 
vari able yields, make the legume crops poor competitors with the prove n profitable crops 
such as wheat . With the e limination of these important constra ints , the chances of real 
increases in the production of pulses, espec ially lentils and chick-peas , are high, as these 
crops can be culti vated on land otherwise kept fa llow and hence not affec t the production of 
the other major crops. Th is effect can be illustrated by the 86 000-ha increase in the area 
under lentil cultivation that has taken place over the past 4 years as a result of the 
introduction and use of winter-h ardy varieties . 
Research Activities 
The Department of Plant Grow ing and Breeding in the Faculty of Agriculture of the 
Uni vers ity of Ankara has pioneered research on food legume crops. In the past 4 years, 
however, various other agricultural faculties , together with some agricultural research 
institutes supported by the Ministry of Agriculture, have al so initi ated work on these crops . 
The res ults and improvements generated by this research are extended to the farming 
community through the Ministry of Agriculture. Seeds, fertil izers, and machinery are also 
made available through this channel. 
Research priorities in grain leg umes emphasize the evolution of var ieties of lentil s, 
chick-peas, broad beans, and dry peas th at are res istant to cold , drought , di seases , and 
pes ts , and suitable fo r mechanization , and that have des irable seed charac teri stics (white 
and large-seeded chick-peas are preferred by consumers). 
Research to date has virtually ignored broad beans and dry peas in favour of a 
concentration on the more popular lentil and chick-pea crops . Four improved winter 
varieties and two improved summer varieties have already been reg istered as a result of 
breeding work in lentils, and this and other work on the effect of pl ant spac ing on growth 
and yield characteristics is continuing. Inves tigations on yield determinants , and the effect 
of plant spacing and sowing dates on crop development, are also underway in the chick-pea 
program . Studies of heritability percentages and the incorporation of Ascochyta blight 
res istance into local varieties have been the main emphases of chick-pea breeding work . 
There is an obvious need to expand bo th the breeding and agronomy work in Turkey so that 
the high potentia l of the legume crops in the agriculture of the country can be more full y 
reali zed in the near future. 
74 
Food Legume Research and Production 
in Cyprus 
J. Photiades and G. Alexandrou 
Agricultural Research lnstilllte, Ministry of Agriculture and Natural Resources. Nicosia. Cyprus 
The island of Cyprus is situated in the eastern Mediterranean and has a semi-arid 
climate. In the coastal plains, rainfall var ies with location and ranges between 200 and 500 
mm per annum, of which the bulk falls during the period November to May leaving the 
summers almost completely dry . The wi nters are mild wi th monthly minimum (night) 
temperatures around 5-7 °C and maximum (day) temperatures 15-20 °C , and the summers 
hot with mean monthly maximum temperatures reaching 35-38 °C . The inland plains are 
characterized by lower ra infall and wider differences between day and night temperatures 
than the coastal plains , where the influence of the Mediterranean produces a wetter less 
variable climate with warmer winters and a lower incidence of frost. It is thus in these 
coastal regions that food leg ume crops perform particularly well , although they are also 
cultivated on a small scale during the summer months on the mountains of Troodos (central 
to western Cyprus), where rainfall may reach 1200 mm per annum. 
Legume Production and Utilization 
The distribution of the major food legume-growing areas across the country is 
illustrated in Fig. I , and the area and production levels of the various different legume 
crops for the years 1960 and 1975 are shown in Table I. 
Chick-peas and lentils are produced under rainfed conditions , harir,ot beans are 
entirely irrigated , and the other pul ses produced in Cyprus, whi ch inc lude broad beans, 
cowpeas, fie ld peas, and " /ouvana " may or may not be grown under irrigation, depending 
on the seasonal availabi lity of water. 
Broad Beans (Vicia faba) 
Broad beans are consumed locally as dry seeds , green seeds , and green pods . Green 
seeds are eaten fresh during season and preserved by cann ing or freezing outside season. 
By-products of seed production. which include the stubble and the pods from green seed , 
are utilized for animal feed . 
The crop is commonly grown in rotat ion with cereals or vegetables, such as potato , the 
local large seeded variety being exclusive ly used. Almost any type of so il is suitable for 
broad bean cultivation , and the crop growth period is 3-5 months when harvested green, or 
5-6 months when used fo r dry seed production. Planting usually takes place during the 
period December to February , although small areas may be sown in September-October to 
supply the early market for green pods in December. Such areas· are confined to the coastal 
lands , as a low incidence of frost is necessary for this early season production . For the 
more normal production pattern , the land is cu lti vated once or twice prior to sowing for 
weed control, fertilizer , or manure incorporation and seedbed preparation. Fertile soils 
receive no additional ferti lization , although up to I 00 kg/ha of phosphorus and 30 kg /ha of 
nitrogen and potassium may be used on the poorer lands if soil analysis shows a deficiency. 
The seed is either broadcast or sown in rows 30, 45, or 60 cm apart, and seed rates range 
from 150 to 200 kg /ha , the lower seed rates and wider spacing being preferred on the more 
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UJljAREAS WHERE FOOO LEGUMES ARE GROWN 
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Fig. I. Areas where food legumes are grown in Cyprus. 
T ABLE I. Area (ha), production (metric tonnes), yield (kg/ha), and consumption (tonnes) of the major 
pulses in Cyprus, 1960 and 1975. 
Area Production Yield Consumption• 
Crop 1960 1975 1960 1975 1960 1975 1960 1975 
Broad bean 2943 1338 1611 1524 548 11 39 1838 1162 
Phaseo/us bean 1605 803 1745 813 1087 1013 1699 1659 
Chick-pea 683 535 305 305 447 570 830 448 
Lentil 1204 268 448 203 372 758 482 380b 
Cow pea 1338 937 339 406 253 433 847 509 
a Consumption = production + imports - exports. 
b 1974 fi gure. 
fertile lands. In all cases, sowi ng is by hand and a mouldboard plough is used to cover seed 
sown in 30-cm rows, although this operation is carried out with a ridger plough for the 
wider spac ings. 
Postplanting weed cont ro l usuall y involves spraying with Gramoxone upon the 
emergence of the first few seedlings, fo llowed by hand hoeing later in the season , when the 
plants are about 15-20 cm high . A se lective herbicide has been used effectively recently to 
replace these measures, but at present it is still under test and has not been re leased fo r 
widespread use. 
Traditionally all harvesting is carried out by hand , dry seeds being threshed from the 
plant debris on a threshing fl oor by means of a spec ial piece of wood or a tractor ro lling 
over them , and then winnowed . Last year, however, a specially modified combine 
harves ter was used to successfull y harvest large areas of broad beans in the west of the 
count ry. 
Production is limited by a number of pes ts and diseases, the most important of these 
being insect pests, including aphids (Aphis rumicis L. ), weevils (Sitona lineata) , and seed 
beetles (Bruch us rufimanus ), and fungal diseases such as chocolate spot (Botrytis faba e ), 
rust (Uromyces.fabae), and Fusarium spp. 
Haricot Beans (Phaseolus vulgaris) 
These beans are also consumed as green pods, which may be preserved by freezing, 
and dry seed, preserved for export in cans, as baked beans. 
Improved varieties such as Harves ter, Bush Blue Lake, and Stringless Blue Lake are 
grow n for green pod production, whereas the local var ie ty Morphitico is used for dry seed 
production . Haricot beans are grown on a wide range of so il types. After an initial deep 
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culti vation, the fi e lds are fl ood irriga ted and the seedbed prepared . The beans are then 
sow n into the moist soil and not irriga ted until after emergence. Seed ra tes depend on the 
variety and range from 65 to 85 kg/ha fo r bush types to 30-50 kg/ha fo r c limbin g varieti es. 
No fe rtili zer is appl ied to so il s o f high fe rtility , but 150 kg/ha of phos phorus and 30 kg /ha 
of nit rogen and potass ium as required are used on the poorer so il s . 
Green pod prod uction o nl y takes place in sma ll areas, and sow ing. which is in rows, 
weeding (hoe ing) , and harvesting are all carried out by hand. The grow ing period usua ll y 
ex tends from Marc h to October, but some crops are a lso produced during the cold winter 
month s in gree n houses. Both bush and climbing varie ties are used fo r green pod 
produc tion; however , cultivation under g lass normall y invo lves the c limbing vari ety. 
String less Blue Lake . 
There are two main crops of har icot beans for dry seed production: the sprin g crop , 
sow n from the end of March to the beginning of April ; and the autumn crop usuall y sown in 
August. In both cases, the seed is normally broadcast by hand and harrowed into the moist 
soil. Weed control is achieved mainl y by presowing cultivations in the spring crop , which 
on ly req uires limited irri ga ti on, whereas the autumn crop , which needs fo ur to five fl ood 
irrigations during its 3-4 month grow ing period , requires hand hoei ng fo r adequate cont ro l 
of weeds. Production cos ts for the autumn c rop are thus much hi gher th an for the spring 
one, but this is offset by the higher yields and larger seed obtained from the autumn crop . 
Both crops are harves ted just before the pods dry comple te ly, the pl ants being pulled out by 
hand , heaped , and left to dry in the fie ld and then threshed with stationary threshers. 
The main di sease probl ems of economic importance are rust (Uromyces appen-
ricula rus), Sclerori11 ia sclerotio r11 111, Fusarium so/ani , and tobacco mosa ic viru s (TMY ). 
and the majo r pes ts include aphids (A phis spp . ), weevils (S itona lineata ), bean fl y 
(Ag romvza phaseo/i) , and spider mite (Tetra n vchus telarius). 
Chick-peas (Cicer arietinum) 
Chick-peas are consumed almos t entire ly as dry seed , e ither preserved in cans as 
hommos , mainl y fo r ex port , or roas ted as a snack. The dry stubble is used extensive ly fo r 
li ves tock feed and fo rms a very va lu able by- product. 
As with broad beans and haricot beans, chi ck-peas are usuall y grown in rotation with 
e ither cereals or vege tables. Sowing takes pl ace between January and March foll ow ing 
several culti vations fo r weed contro l and seedbed prepara tion. Late sowing is preferred to 
ensure adequate weed control , but res ults in lower y ie lds than sowing earlier in the season . 
The seed is norm all y sown , broadcas t or in rows, by hand , and seed rates vary from 40 to 
75 kg/ha. On the poorer soil s up to 75 kg/ha of phosphorus and 20 kg/ha of nitrogen may 
be applied at sow ing. Weed contro l within the crop is mainl y ac hieved through hand 
hoeing; however, there is currentl y an increas ing te ndency toward greater re li ance on 
chemical control methods. Harves ting is by hand and fo llows the same procedure as dry 
haricot bean seed production . 
T he main di seases are bli ght (Ascochy ta rabie i ) and powdery mildew (Erysip he 
polygo11 i), and pes ts include spider mite (Tetra 11rch11s spp. ) and pentatomid bugs 
(Do /ycoris baccarum ). 
Cowpeas or Black-Eye Beans (Vigna unguiculata ) 
These are consumed as green pods or dry seed , the dry seed also be ing preserved in 
cans fo r consumpti on outs ide the season . 
Cow peas are sow n in April-May o n heavy soil s in rot ation with cereals and are 
expected to grow and mature on res idual so il moisture res ultin g from the winter ra ins , 
wi thout the need fo r irriga tion . Only small areas are devoted to cowpea production; a local 
variety is used and all o perations are carried out by hand. The seeds are either broadcast or 
row planted using seed and fertili zer rates simil ar to haricot beans. Weed control is by 
preplanting and pos temergence cult iva tions , and the main di seases and pes ts are simil ar to 
those affec ting har icot beans, wi th the addition of Lampides baeticus , an insec t whose 
larvae feed on the grai n in the pods. 
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Field Peas (Pisum sativum) 
Peas are eaten as green or dry seed , and green pods. The green seed is preserved in 
ca ns or frozen fo r off-season consumption . 
Only a very limited area is used for dry seed production under the direc tion of the Seed 
Product ion Department. Peas for green seed are sown in August fo r autumn-early winter 
harvest or in autumn for harvesting in the spring. The main var iety used is Onward , and the 
seed is usuall y broadcast, although so me is sown in rows, at the rate of about 80 kg/ha . 
Fertili zer rates vary from zero to 100 kg/ha of phosphorus and 15-20 kg/ha of nitrogen . 
Both weed control and harves ting are carried out by hand . 
Powdery mildew (Erysiphe polygoni), blight (Ascochyta pisi ), rust (Uromyces pisi ) 
roo t ro t/w ilt (Fusarium spp .) , and TMV are the major di sease problems of peas. Pests such 
as seed beetles (Bruchus spp .) , aph ids (A phis spp .) , spider mites (Tetranychus spp .), 
weev il s (S itona spp .), and pentatomid bugs (Dolycoris Baccarum) may cause considerable 
economic damage to the crop. 
Lentils (Lens culinaris ) 
The local variety is grow n exclusively and on light alkaline so il s, mainl y in hilly areas 
in rotation with cereals. Sowing takes place between December and February, fo ll owing 
the weed contro l and seedbed preparation culti vations. All the seed is broadcast by hand at 
the rate of about 50 kg/ha . Fertili zer may be appli ed at 40-50 kg/ha of phosphorus, with 
small doses of nitrogen at the ti me of sowing . The mature seed is harvested by hand , 
heaped in the fi eld to dry, and threshed in stationary threshers. 
The main diseases are Ascochyta blight and powdery mildew (Erysiphe polygoni ) and 
the pests include Bruchus spp ., Aphis spp ., and Tetranychus spp . 
Louvana (Lathyrus ochrus) 
This crop is consumed exc lusively as dry seed, is onl y grown on a limited area, and is 
not of any economic importance. A local variety is used and most operations are carried out 
by hand. 
No seed inoculation is prac ticed in any of the legume crops. Tests have shown no yie ld 
responses to inocul ation and it has been co ncluded that suffic ient ni trogen-fi xing bacteri a 
already ex ist in the soil. 
Weeds vary with location and soi l type , but in general the major spec ies and genera of 
importance in food legume crops are: Gallium sefaria, Digitaria, Poa, Panicum, Malva , 
Convonvu/us arvensis , Amarathus , Fumaria, Helychrysum , Alopecurus, Sinapis arvensis, 
Oxalis cornicula ta , Papaver rhoeas, Chrysanthemum segetum, Sonchus, Urtica euphob-
ria , and Cynodon da cty /011. When legumes are grown in rotation with cereals, there may 
also be infes tations of wild oats (A vena sp .) and ryegrass (Lolium sp .). 
All pests and di seases are contro lled through chemical and cultural methods used 
separately and in combination. 
Two major and close ly related factors, namely mechanization and weed control, at 
present limit food legume production in Cyprus . Lack of mechanization, espec ially in 
sowing and harves ting , make it imposs ible to cultivate grain legumes on large areas. The 
decreasing availability of labour and its rising costs are making the absence of 
mechan izat ion in all production processes much more acute. As a res ult , legumes are only 
produced on very limited areas normally confined to the coastal plains where soil fert ility is 
high . 
Research Activities 
Most research in Cyprus is carried out by the Agricultural Research Institute, although 
some work is also undertaken by the farmers themse lves and other organizations such as 
food process ing companies and seed merchants. There is no legume section, as such , in the 
Agric ultu ral Research Institute, but staff from the Vegetables, Plant Protection, Soils and 
Water Use , and Economics sections are involved in inves ti gations on these crops. As a 
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res ult , work on food legumes has so far been rather limited. Varie tal improve ment has 
consisted solely of tes ting introductio ns of broad beans, haricot beans, peas, chick-peas, 
and lentil s. Studies of mechanization of sowing, weed co ntro l, and harvesting have been 
confined to chi ck-peas, and to some ex tent broad beans . but, altho ugh o nl y carri ed o ut on a 
small scale, have proved quite successful a nd encouraging . And investi gat ions into 
produc tio n techniques and irri gat io n and fertili zer requireme nts have so far o nly 
emphasized haricot bea n produc tion. Research into plant protec tio n methods has been. in 
general, wider, but much work still remai ns to be done o n broad beans, c hick-peas, and 
lentils. 
Ex tension support has been traditionall y provided by the De partment o f Agriculture, 
but chemical products agents are c urre ntl y becoming increas ing ly involved in advisi ng 
fa rmers regarding plant pro tec tion methods. The suppl y . distribution. a nd export of seeds 
is mainly the respons ib ility o f the Seed Producti on Unit , and this organization and other 
groups involved in gra in legume production. distributio n, and marketing conduct various 
invest igatio ns in this overall fi e ld . 
Un til recentl y. food legumes in Cyprus were produced a lmost excl usive ly fo r the 
home market. However, despite the decl ining trend in home consumption (see Tabl e I), 
the increas ing ex port demand , espec ia ll y fo r broad bea ns. chic k-peas, and lentil s and all 
processed legume foods, has more than compe nsated fo r the fl agg ing home market; and it 
is currently providing a very great incenti ve to expand grain legume production in the 
country . To be able to respond to these press ures fo r expa ns io n it will first be necessary to 
pave the way by reducing or eliminating the severe constraints to in creased product ion 
resulting from insuffic ient mechan izatio n a nd inadequate and costly weed con tro l 
measures, amongst other probl ems. This can be accom plished by a cons iderable ex pansio n 
and strengthe ning of legume research capabilities and ac tivities within the country as a 
whole. Such an effort is the firs t step to ward e levating the grain legume crops to the ir 
right full y impo rtant place in the agriculture o f Cyprus. The o ther s teps will foll ow from 
this base . 
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Broad Beans (Viciafaba) and Dry Peas (Pisum sativum) 
in Ethiopia 
Asfaw Telaye 
Crops Department. Institute of Agriculture , Addis Ababa , Ethiopia 
Ethiopia li es entire ly within the tropics between latitudes 3° and l 8°N and longitudes 
33° and 48°E. The c limate ranges from permanently humid with hot summers to tropical 
semidesert and desert , and on thi s bas is the country can be divided into fo ur main zones: 
( I) the "Quola" or hot zone, with altitudes be low 1800 m and an average ann ual 
temperature greater than 20 °C; the cropping of broad beans and peas is very 
limited in this area due to the severe and numerous diseases ; 
(2) the " Weyna dega" or temperate zone , where the altitude var ies from 1800 to 2400 
m and average temperatures are between 16 and 20 °C; within this zone the 
importance of broad bean and pea cropping is considerable and increases with 
altitude; 
(3) the " Dega" or cool zone, which has altitudes of 2400-3800 m and where average 
temperatures vary from 10 to 16 °C; the cropping of broad beans in thi s region 
extends up to an altitude of about 3000 m; however, above 2900 m chocolate spot 
(B orryris fabae) and frost severely limit production ; 
(4) the mountain zone, with altitudes in excess of 3800 m and an alpine c limate; the 
vegetation here is predominantly alpine and there i no cropping. 
In the major broad bean and pea production area , the " Weyna dega ," the bulk of the 
annual prec ipitation normally fal ls during the period June to mid-September. Max imum 
temperatures rarely exceed 27 °C , and a lthough diurnal variations during the dry period 
may be as great a 22 C0 , variations during the period of rainfa ll are usually of the o rder of 
6 C0 . At altitudes greater than 2 100 m night frosts may occur between November and the 
end of January. 
Ethiopi an soil s are generall y of a very high clay co ntent and vary from red to 
red/brown on the mountains, through red/brown on the slopes and brown to dark in the 
rolling country, to very dark and nearly black in the plain lands . 
Broad Beans (Vicia f aha) 
Pulse crops are grow n on an estimated 8% of the total Ethiopian arable area, in 
contrast to the cereals, which occupy over 70% . 
Although broad beans are generally considered to be secondary in importance to 
chick-peas in the agriculture of the country, Ethiopia is one of the leading nations in the 
world in terms of broad bean production. Approximately 150 000 ha, or 1.5% of the total 
cultivated area, is annually devoted to the produc tion of broad beans, which exceeds 
140 000 metric tonnes (Table I ). 
Broad beans can be found growing in every province in Ethiopia, usually in rotation 
with small grai n cereal s. The provinces of Shoa, Wello , Tigrai, Begumdir , and Gojam 
(Fig. I ) are the most important production areas. 
Current Production Practices 
Broad beans are produced almost exclusively by traditional methods. The land is 
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Fig. I. Provincial di visions of Ethiopia . The provinces of Shoa , We/lo. Tigrai , Begumdir. and Gojam are 
the most import am production areas for broad beans . 
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not turn it ; three ploughings are norm al prior to broad bea n plan ting, whereas o nl y two are 
us ual fo r pea production. Broad beans, in common with legumes in general, are freque ntl y 
grown on poor and sometimes badl y eroded soil s where cerea ls are expected to fa il. They 
may a lso be grow n in mi xtures with fi eld peas. Pla nting normally takes place at the 
beginning of the ra iny season in June and the cro p is thus harves ted in December or 
January. In some regions , however, name ly We llo, and the north of Bale and Sidamo , 
broad beans are produced off-season during the wi nter months. 
Tri als conducted at research sta tio ns th rougho ut Ethiopi a have es tab li shed that the 
optimum pl ant dens ity for broad bean producti on may be obtai ned wi th a sow ing rate of 
150-200 kg/ha and a spacing of 5 cm between pl ants and 40 cm between rows. However, 
most fa rmers broadcas t the ir seed at about 150 kg/ha and receive average returns of 
between 7 and 10 quinta ls/ha , which is we ll below the optimum. Applicatio ns of 100 kg/ha 
of phosphate are ge nerall y recommended for broad beans . 
The crop is normall y harvested when most o f the leaves have dropped , most o f the 
pods have turned black, and the upper pods are ye llow ing . The harves ting date vari es with 
altitude but may start as early as late October. On ce the crop is cut , it is stacked a nd le ft in 
the field to dry fo r abo ut 6 weeks before be ing thres hed , using anima ls (oxen or horses) that 
trample the crops spread o ut on a hard piece of ground. Wooden fo rks and shovels are then 
used to toss the grain in the air to winnow o ut the chaff. 
Diseases and Pests 
Broad beans are susceptible to a large number of fungal diseases that may cause 
considerable crop losses. The most important of these are ru st (Uromyces fabae) , chocolate 
spo t (Botrytis fabae), powdery m ildew (Erisyphe polygoni) , and root rot d iseases 
(Fusarium and Rhizactonia spp .). Several viral diseases have also been noted affect ing the 
crop. 
The major insect proble ms are the American bo ll worm (Helio this armigera) , wh ich 
may be serio us in late September and October , aphids (,4phis fabae) , and thrips 
(Teaniothrips sijotedr rrybom ) , which attack the reproductive organs and interfere with 
ferti I ization . 
Weeds are also great problems in broad bean crops , resulting in severe y ield 
reductions. Early removal is thus essential and two weedings are recommended . 
Uses and Marketing 
In many parts of Eth iopi a broad beans are a dai ly part of the diet of the populati on . 
They are an impo rtant source of dietary protein , es pec iall y va luab le during the numero us 
days of fas ting that are observed. Broad beans may be cons umed green, either raw , 
roasted, or boiled ; as dry seed, having been soaked , roasted, or boi led ; in a preparation 
with a hot sauce called .. wot" ; gro und and mixed with barley, wheat , or teff fl o ur to fo rm 
'' injera'' (a kind of pancake- type bread) ; o r used in the preparation of vario us sauces (e.g. , 
in a mixture with mustard and spices that is fe rmented for 4-5 days). 
The bulk o f th e broad bean crop is consumed locally, but a certain proportion is 
exported every year, parti cularly to the countri es o f the Arabian pe ninsul a . wes tern 
Europe , and Southeast Asia. The quan tity and va lue of pul se exports over the pas t 7 years 
is shown in T ab le 2. 
Field Peas (Pisum sativum ) 
The fi e ld pea is grow n predominantly as a dry pulse but can also be harves ted 
immature as a gree n vege table. As wi th the broad bean crop, most of the production is 
consumed locally, w ith the exception of a small amount that is exported (Table 2). 
In com mo n with broad beans, peas are generall y grown in areas between 1800 and 
3000 m above sea leve l, and are normall y sow n at the beginning of the rai ns (mid-June to 
Jul y) for harvesting from mid-October onward . The area devoted to field pea produc tion is 
in general onl y sli ghtl y less than that for broad beans , but the considerable dec line in yie lds 
over the pas t 6 years has meant that present product io n is very much lower (T able I ) . 
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TABLE 2. Quantity ('000 t) and va lue (U.S.$) of pulse exports from Ethiopia 1970-77. 
Exponation 
Chick-pea Broad beans Haricot beans Lentils Field peas 
-----
Year Quant. Value Quant. Value Quant. Value Quant. Value Quant. Value 
1970 2.2 235 15.6 225 17 . 1 396 15 .8 312 0.4 257 
1971 6.3 283 16.6 268 22.6 447 18.0 314 0 .2 265 
1972 10.7 279 19.0 299 25.6 402 21.9 322 0 .5 284 
1973 8.1 444 29.7 295 19.7 633 22.2 564 2.4 643 
1974 8.2 682 28.0 489 46 .0 1032 30.0 955 10.5 769 
1975 10.0 539 22.0 404 41.5 622 37.3 832 
1976 600 26.7 434 17 .6 670 583 
1977 10.0 171.5 26.7 264.6 17.6 641 
Current Production Practices 
The majo r producti on areas are in the north , wes t, and southwest o f the country, and 
the crop is often grown on poor bad ly eroded soil s where cereal production is not poss ible . 
Field peas are genera lly grow n in monoculture but may be produced in a mi xture with 
broad beans and occasionall y also with barley. Th e crop is usuall y broadcast sown at the 
ra te of I 00-150 kg/ha (the latter figure being the recomme nded rate) , and covered using a 
local plough . Thi s practice, however , freq uently results in uneven germ ination and the loss 
of you ng seedlings to both birds and an ts . 
Peas are harvested in a s imilar manner to broad beans, when the upper pods are 
ye llowi ng and the lower ones are almost dry. Harves ting usually takes place in the early 
morni ng or afternoon to reduce losses from pod shattering and the cut plants are then 
stacked in the fi e ld to dry for 4-5 weeks before be ing thres hed and winnowed. 
Diseases and Pests 
The diseases caus ing the most severe crop losses to field peas in Ethiopia are powdery 
mildew (Erisvphe po/ygoni), wilt (caused mainly by Fusarium species). and Ascochyra 
blight. 
The most serious pes t o f field peas is probably the American bollworm (Heliothis 
armigera), but there is very little in fo rmation avai lable on the other important pests of the 
crop . 
Weeds cause some yie ld losses, but weed control is rare ly prac ticed and under good 
growing conditions the tall and viney Ethiopian peas compete fa irl y e ffectively with the 
weed popu lation once compl ete ground cover has been achieved . 
Highland Pulse Research 
The agroecological sys tems exis ting within Ethiopi a are highl y complex in their 
structure, different ecolog ical conditio ns being encountered within relatively sho rt 
distances. As a result of this s ituation, a large number of trial sites must be used fo r 
experimentation to ach ieve prope r representation. 
The research and development work on food legumes is coordinated th rough the 
ational Crop Improvement Committee, which eva luates research proposals prepared by 
the individua l crop coord inato rs . Despite the importance of broad beans and chick-peas to 
the agriculture of the co untry, research on these crops is still in its infancy in Ethiopi a. 
Germ-plasm collect ions of both these crops have been built up as a result of coll ecting 
expeditions by a number of individuals and organizations. However, most coll ections to 
date have been predom in antly from market samples and the information on such samples is 
generall y very poor. In spite of this drawback, a considerable range of variation has been 
found wi thin the coll ections and this has formed a usefu l base for improvement efforts . In 
fact some of the highest yielding lines developed so far have resulted from selections from 
such germ-plasm collections . In 1977, a systematic collection from the major growi ng 
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provinces of Shoa and Gojam yielded more th an 300 samples of broad bean and pea 
material. Further collection and systematic documentation , however , is required for both 
crops. ln addition, broad bean germ pl asm has been obtained from both national and 
international so urces; in 1977-78 , for example, 8 17 accessions from ICARDA , 8 1 from 
the USA, 50 from the U.K., and 129 from Ethiop ia were screened by the program. 
Promising lines selec ted from such screen ings are promoted into national level yield trials 
for further evaluat ion. Some cultivars have performed well in these trials: record yields of 
40-5C quintals/ha have been reported, and under certain conditions the best culti vars have 
shown a two- to fourfo ld yield improvement over traditionally cult ivated variet ies . 
The varieties and selections of broad beans and peas that have been shown to be 
superior to the presently cultivated types are fo r broad beans: Kuse 2.27.33 , CS2DK, 
CS I IAK , and CS38BK; for field peas : Prussian blue, CS436 , Kulumsa, and Mahandar 4 . 
Agronomic trials have established that row plant ing of broad beans gives an increased 
yield over broadcast seedi ng over a wide range of seed rates. Studies on plant populations 
have been carried out both wi th broad beans and field peas and various seed rates and 
spacings have been recommended . Investigations have a lso revealed a significant 
interaction be tween date of planting, soi l type, and seed yield in field peas, the best results 
being obtained with mid-June plantings on the red clay soi ls and early July plantings on the 
black c lay so il s. 
Future Research Priorities 
The average yields of pulse crops grown in Ethiopia's traditional pulse-growing 
regions tend to be very low (7-10 Q/ha) in compar ison to yields obtained under 
experimental conditions (up to 50 Q/ha). This difference largely results from the contin ued 
use of local unimproved varieties grown under traditional agronomic means. 
To increase yields at the national level, research on broad beans and fi eld peas in the 
future must focus on two major thrusts: firstly and most importantly, the development of 
improved culti vars that combine a high yie lding ability with resistance to the major 
diseases, insect pests, and frost , all of which are severe constraints to production; and 
secondly, the evolution and introduction of improved agronomic practices, such as proper 
seedbed preparation , accurate planting, and efficient weed control , which will enable the 
potential of these new variet ies to be more fully expressed. Considerable emphasis wi ll be 
placed on the development, testing , and di stribution of such new cultivars and production 
practices and it is hoped that this will result in yields under commercial conditions that are 
more comparable to those at present being achi eved on the research stations throughout the 
country. 
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Food Legumes in Syria 
Sadek El-Matt 
Agricultural Research lnstilllte , Ministry of Agriculwre, Douma. Damascus . Syria 
Food legumes are cons idered to be important in the nutrition of both humans and 
li ves tock in most countries of the Near Eas t and North Africa by virtue of the ir high content 
of both protein and carbohydrate. In addi tio n , food leg umes are impo rtant sources of 
minerals , such as iron , copper , and phosphorus, a nd vi tam ins. These crops are re la ti ve ly 
inexpensive sources of d ietary nutrients a nd have hence been named " the poor man's 
meat,'' which refl ects the ir domin ant position in the diets of a large part of the popul at ion 
of the country, especia ll y the rural poor. Le ntils are used in soups, salads, and various 
combinations with c rushed rice and wheat , or vegetables and lemon juice , and chick-peas 
form a variety of foods, from homos (mashed with sesame o il and lemon) and fa lafe l 
(mashed wi th peppers and fried) to sweets when covered with sugar. · 
Legume crops are a lso important for the benefits they provide both to so il fertilit y and 
structure, and therefore figure s ignificantly in rotations througho ut Syria. Furthermore 
legume grains prov ide the country with important export revenue. 
Production and Marketing 
Legumes are a very important crop in the agricultural econo my of Syria and the annual 
surpl us of suppl y over domest ic consumption is exported to ne ighbo uring countri es (see 
Table I ). 
Broad bean production in Syri a is predominantl y under irrigated conditions, which is 
reflected in the hi gher and more stab le yields of this crop . In contrast to thi s, le ntil s and 
chick-peas are produced almost exc lusively under ra infed conditions and their yields are 
con eque ntly low and var iab le (T ab le I). 
Current Production Practices 
In general, the planting of food legumes in Syr ia is cons idered to be semimechanized; 
the land is pl oughed , usuall y by trac tor, several times prior to pla ntin g . and fertilizer is 
applied at the rate of 250-450 kg of s ingle superphosph ate per hectare o n irriga ted land a nd 
125-225 kg/ha o n ra infed land . Fertili zation is norma lly by hand broadcasting and usually 
take place immed iately before plan ting. Legume seeds are a lso genera lly sown by hand , 
le nt ils and chick -peas being broadcast into shall ow furrows at the rates of 80- 100 kg/ha 
and 80-150 kg/ha, respective ly, and broad beans normally row plan ted a t about 160-200 
kg/ha . After sowing, the seed is covered by a c ulti vator to a depth of about 10 c m . 
One or two manual cu lti va ti on are common during the season to control weeds and 
mois ture infiltration . 
Almost all the legume crops are hand harves ted. left to dry in the fie ld , and then 
transported to a hard area of ground where they are threshed , us ing an anima l-drawn 
thresher, and winnowed . Seed losses may be considerable as a res ult of thi s procedure. 
Research Activities 
All investigation into legume improvement and production are the responsibility of 
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TABLE I. Area (ha). production and exports (metric tonnes), and average yield (kg/ha) of grain legumes in Syria , 1972-76. 
Lentils Broad beans Chick-peas 
Area Area Area 
Year 1• R• 
00 
Prod. Exp. Yield R Prod. Exp. Yield R Prod. Exp. Yield 
°' 1972 2151 113949 96200 29555 835 3676 5659 12994 735 1559 191 44108 36422 1299 822 
1973 1467 90614 23711 28530 258 2573 4169 7117 2153 1056 354 68130 27841 5281 407 
1974 1722 83689 83369 14954 976 2781 4027 7251 1050 1509 427 90282 60265 I 1651 664 
1975 2641 95203 66624 10097 681 3966 1859 9336 1203 1603 581 54608 26698 8463 484 
1976 6061 140418 136227 21756 930 4833 3372 13690 1669 518 67035 50753 2591 751 
• I = irrigated conditions; R = rain fed conditions. 
the Directorate for Scientific and Agricultura l Research , whi ch carries out its studies at 
centres in 11 of the 16 governates into which the country is divided. 
The main emphasis of food legume research in Syria is on improving leg um e varieties 
through the tes ting of introductions and local culti vars , segregating generat ions of crosses 
and promising selections throughout the country on the basis of yield, disease resistance, 
and adapta tion to the various production reg ions . 
To da te, the research program has isolated 18 local variet ies of broad beans and seven 
of lenti ls that have been subjected to comparative tes ts to determine their yie lding ability 
and adaptati on. In addition to th is work , the research efforts on chick-peas have resulted in 
the introduction of three improved varieties, namely Nobokho , Koliakan , and Registered 
466 . 
Critical Constraints to Production 
Perhaps the most serious problem faci ng legume producers in Syria is the very cost ly 
re liance on hand labour for most production operations , especially at harves t time when 
labour is both scarce and ex pensive . This, coupl ed with the un availabi lity o f sufficient 
improved and adapted varieties ex hibiting to lerance to adverse cl imatic cond itions, disease 
and pest resistance, and good seed qua lities, is making legum e crops increasingly les 
economic to produce and resulting in producers favouring the more economic and proven 
cereal production enterprises . In add ition, it has been noted th at workers conti nually 
involved in legume production may develop bad all erg ic reacti ons. 
Priorities for Production Improvement 
Recogniz ing these major producti on problems, the research efforts of the Directorate 
are being foc used on the identification of hi gh-y ielding disease- resistant var ieties that have 
a good adaptation to the producti on conditions of the different parts of the country . To 
ensure that improved legume varieties reach the producers , who must use them if 
improvements in overall production are to res ult , it wi ll be essent ial to considerably 
strengthen the capabi lities of the seed multipli cation and distribution network . Further-
more, the urgent problems of insufficient and inadequate product ion eq uipment and 
outmoded production practices must be solved to enable legumes to compete as an 
economic crop in the agriculture of the country. 
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Food Legume Improvement in the People's 
Democratic Republic of Yemen 
Shafiq Mohsin Atta 
Research Centre, El-Kod, Aden, People's Democratic Republic of Yemen 
The People's Democratic Republic of Yemen , ly ing between latitudes 12.40°N and 
I 9.00°N and longitudes 43.30°E and 53.00°E, covers an area of 3 10 km 2 , of which onl y 
I% is su itable for agricu lture. The climate is hot, with the humidity varying from high in 
the coastal areas to very low inland . Sand storms and high winds are major agricultural 
problems , especially in the months of June and July. Mean maximum temperatures, 
recorded at the El-Kod Research Station (35 miles from Aden) vary from 35.08 °C in the 
summer months of May to September to about 20.60 °C in the winter (October-April) . The 
coastal areas receive only light showers in the winter, and the annual rainfall in these areas 
varies between 25 and 63 mm. In contrast to this, the mountainous region receives up to 
346 mm of rainfall per year, concentrated mainly in the summer months. 
Agricultural activi ties are largely concentrated in the big wadies and deltas where the 
soi ls consist of deep and fertile alluvial silts. Because rainfall is insufficient to support the 
cropping , almost all production is irrigated by flood water in the summer and , to a lesser 
extent , also in the wi nter. Thi s flooding acts as a regulator to the acreage of crops that can 
be grow n in any given area , and makes annual production ex tremely variable. To achieve 
greater stabil ity in the cropped area, government schemes are at present bringing large 
areas of culti vatable land into use through tube-well irrigation . Problems of salinity , 
however, are likely to become increas ingly important , as much of the irrigation water is 
already of a very high salt content. This wi ll severely limit the choice of crops that can be 
grown under these schemes. 
Currently the actual area under cultivation ranges between I 00 000 and 150 000 ha. 
Of this, about 60% is under spate irrigation, and the area under well irrigation , although 
still limited, is increasing rapidly . In the coastal areas, the main field crops are cotton , 
maize , sorghum , and tobacco, together with vegetables , such as tomato and cucurbits , and 
fruits , which include banana, mango , and papaya. The croppi ng in the mid- and 
high-altitude plains consists mainly of wheat, sorghum , potato, tomato, and various citrus 
and stone fruits. 
In general , legumes are not considered to be economically important crops in Yemen 
and have consequently rece ived very little research attention and few incentives to 
production. However, alfalfa is an undeniably important fodder crop throughout the 
country and the need for other crops, apart from sesame and cotton, for oil ex traction is at 
present creating an interest in the introduction of gro undnuts. This, together with the 
undoubted nutritional importance of the small areas of dry legumes grown for domestic 
consumption by many farmers, has prompted the agronomy sect ion of the El-Kod 
Agricultural Station to initiate work on pulse crops. 
Work commenced in the 1974-75 season with the multiplication of varieties of 
cowpea and green gram. Experiments us ing green gram intercropped wi th cotton have so 
far proved disappointing, showing no beneficial effects of this treatment on the inc idence 
of Rhizactonia root rot on cotton and a significant increase in pest problems. Initial trials on 
groundnut were also started in this season, and during 1975-76 , 13 varieties introduced 
from the USA, Sudan, East Africa , Egypt , and Indi a were evalu ated for their performance 
under local conditions. Results have shown the varieties NC2 and Ashford to be 
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particul arl y promising and future prospects for increas ing the popul arity of this crop are 
e ncourag ing. Thirty- nine varie ti es of cow peas, mos tl y rece ived from the International 
Institute of Tropical Agriculture (llTA) in Nigeria , were also tested in the 1975-76 season 
in three separate tria l des igned to identify s uitable varie ti es for planting in differe nt 
sea ons . Evalu ations of these varie ties on the bas is of g ra in s ize a nd co lo ur , which partl y 
determine consumer acceptability, were also carried o ut. Res ults have indicated some 
promis ing varie ties a nd shown th at seed y ield can be raised from I to 2. 2 tonnes/ha. Seve n 
varieties w ith red seed a nd white seed with black spots , whi ch are likely to receive 
consumer acce ptabi lity. have already been identified. 
In view o f the very limited amo unt of land ava il able fo r ag ric ulture in the country , the 
People's Democratic Republic of Ye me n is expanding its efforts to intens ify and develop 
its agriculture. The search for new , hi ghl y producti ve , and nutritio us crops is creating 
increasi ng interes t in the legumes , which are proven in this fi e ld under small -scale 
cultivation. The challenge now fac ing the country is to achie ve these benefits as part of a 
much wider and larger scale of productio n . 
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Food Legume Production in Libya 
Ali Salim 
Agrirn/111ra/ Research Centre. Ministry of Agric11 /111 re, Tripoli , Libya 
In com parison wi th other food crops, such as wheat and barley, the production of 
legumes in Libya takes place on a very small scale . Eve n the most important of these crops, 
name ly broad beans, is onl y culti vated on an average annual area of abo ut 4000 ha, a figure 
that has remained stat ic fo r the past I 0 years. Together with the other pulse crops, which 
include lentil , field beans , and peas, broad bean cu lti va ti on is confined to the northern part 
of the country along the Mediterranean coast. In this str ip of land , which var ies from 4 to 
40 km in width and ex tends the length of the country from Tunis ia in the west to Egypt in 
the east, the annual rainfall ranges between 250 to 300 mm and temperatures fluctuate from 
25 to 30 °C. The soil s are generally sandy with occasional patches of clay or gypsiferous, 
and many farms re ly almost completely on groundwater for their crop production . 
With thi s very limited production situation , the bulk of the country ' s consumption 
requirements are imported from its neighbours. 
Both large- and small -seeded types of broad beans are grow n and variet ies inc lude 
Local land 40 , Cyprus , and Sax . The crop is consumed as green pods , green seeds, or dry 
seeds . The production of lentil s, which used to be on a fa irl y large scale to provide animal 
feed, has decreased considerably in recent years with the increasing popularity and 
availability of altern ative fodder crops, and at prese nt Libya has to import its total 
requirements. Peas are, however, grown on a somewhat greater area for seed , with 
varie ties such as Sidi Masri I and 2 and Little Marvel dominating . Field bean variet ies 
include Stringless Blue Lake and FAO, but bean production is of very little importance in 
the country. 
The production of food legumes is severely limited by several constraints, which 
include the tota l lack of research emphasis on the crops and the corresponding lack of 
trained research person nel; the low and var iab le fertility and salini ty problems of many of 
the soil s; the great variability of annual rainfa ll and the shortage of irrigation water; disease 
problems that reduce production in years of adeq uate rainfall ; and the scarcity of hand 
labour coupled wi th the difficulty of mechanizing production , which is resulting in greatly 
increased produc tion costs and rapidly making the crops uneconomic to produce . 
The way to ex pan ion in food legume production in Libya lies in placing considerably 
more emphasis upon research into these critical problem areas . In recognition of this , a 
committee composed of representatives of the Agricultural Research Centre, the Facu lty of 
Agriculture of the Universi ty of Tripoli , and the Ministry of Agriculture has recently been 
established and has recommended that legume research and production be promoted 
throughout the country. This is a first , vital step and the way is now clear for increased 
cooperation with orga ni zations such as !CARDA, FAO , and ACSAD to build up a base of 
personnel and material wi th which to form the fo undation of a strong future development 
program for these hitherto neglected but vitally important crops. 
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Status of Food Legume Production in Afghanistan 
N . Wassimi 
Food Legume lmprovemenr Program. /CARDA. Aleppo. Syria 
Afghanistan is a mountainous co untry with a dry climate. Rainfall ranges from 100 to 
400 mm annually, with the exception of some high altitudes, where it may reach 1200 mm. 
The climate ranges from hot subt ropical desert in the south , th rough semi-arid and 
conti nental Medi terranean types in the central areas, to continental desert in the extreme 
north of the country . Figure 1 shows the provincial divi sions of the country. 
Afghanistan has been class ified into four major eco logica l zones on the bas is of 
physiography , c limate, soil s, and prese nt and potential land use. These are as follo ws: 
( 1) the Mazari-S harif zone, an area o f 30 000 km 2 in the north of the country with a 
semi -arid continental Med iterranean-type c lim ate and an annual rainfall of 200 
mm concentrated in the winter and spring; the elevation varies between 200 and 
500 m above sea level and the soil s are calc iferous, loamy, and deep with a 
reasonable level o f organic matter; the predominant crops are wheat , cotton , rice, 
sugarbeet , and maize; 
(2) the Central Mountain zone, which includes a ll the mountainous area with 
e levations of above 2000 m; the terrain is mainl y hill y and steeply slop ing, 
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Fig. / . Prol'incial divisions of Afghanistan . 
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with a mean annual precipi tation of 250-400 mm occurring predominantly in the 
winter months; the soils are very shall ow on the upper slopes, loamy or c layey 
with gravel and stones on the lower slopes , and deep and loamy in the va ll ey 
bottoms; wheat , melons, and deciduous fruit s are grown under irrigat ion; 
(3) the Farah-Kandahar zone , covering the whole of the Herat and Chakhansur 
provinces and the northwestern part of Helmand province in the southwest of the 
country; the elevation ranges fro m 200 to 2000 m and the zone can further be 
subdivided on the basis of this range to include (a) the foothills , with e levations of 
between I 000 and 2000 m. The mean annual precipitation var ies between 100 and 
200 mm and the soi ls are loamy or clayey , moderately to strongly calcereous, with 
a marked zone of lime accumulation. When sufficient water is ava ilable, wheat, 
maize, melons, pomegranates, grapes, and some alfalfa are grow n; (b) the 
nonsaline plateau, 500-1000 m above sea leve l and with a gently ro lling hilly 
relief. The climate is subtropical and arid, and the soils mainly calcereous, silty 
loams, or silty clays , again with a strong zone of lime accumulation. The main 
crops are wheat, millets, and melons grown under irrigation; (c) the Playa , which 
is a nearly level concave area in which the so ils are strongly saline and where, as a 
consequence, the vegetation consists almost excl usively of bushes that thri ve 
under salt conditions. 
(4) the Registan Zone, in the so utheast , which is a sandy desert with an arid c limate 
where ann ual rainfall is only I 00- 150 mm; the land is used for litt le e lse apart 
from rangeland grazing of livestock. 
Of a total land area of 64.75 million ha, on ly 7.95 million (12 .28%) is potentially 
arable. Much of this remains fallow for long periods due to insufficient moisture and only 
the 2.44 million ha that are under irrigation are cropped regu larly. Crop production in 
Afghan istan is dominated by the cereals (wheat, maize, rice, and barley) that occupy 44% 
of the arable area. Other important crops include cotton, pulses , fruits, and vegetables (see 
Table I). 
It has been reported that chick-peas (Cicer arietinu111), lentils (Lens culinaris), broad 
beans (Vic iafaba), mungbean (Vig na radiata), dry bean (Phaseolus vulgaris), pea (Pisum 
sativum) , and chickling vetch (Lathyrus sati vus) are the main food legume spec ies 
cu lti vated in Afghanistan , but there are unfortunate ly no statistics avai lable on the area, 
yield, and production of these crops. 
Very little research has been carried out on grain legume crops in Afghanistan. 
However, various germ-plasm collection ex ped itions have yielded some information about 
the relative importance of the legume crops within the country: 
Chick-pea (Cicer arietinum) is the most important pu lse in Afghanistan and is grown 
under both irrigated and rainfed condit ions in the Badakhshan , Balkh , Takhar , Herat, 
Kunduz , and Kandahar districts. 
Peas (Pis um sati vum) are grow n over a very wide range of conditions in Afghanistan 
and may be culti va ted up to alt itudes of over 3000 m. Twenty botanical varieties , a ll small 
seeded and green in colour , have been reported. 
Lentils (Lens culinaris) are the second-most important cu lti vated grai n legume in the 
TABLE 1. Area ('000 ha). yield (kg/ha), and total production ('000 metric tonnes) of major crops in 
Afghanistan as reported in FAO production year book 1976. 
Crop Acreage Yield Prod . 
Wheat 2400 1229 2950 
Maize 490 1612 790 
Barley 390 1026 400 
Rice (paddy) 210 2 143 450 
Cotton 150 1067 160 
Pulses 35 1624 57 
Sugar beets 9 1294 1 116 
Sugarcane 2 37859 55 
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country. They are grown predominantly at intermediate altitudes , between 500 and 2400 
m , and mainly in eastern Afghanistan. 
Broad beans (Vicia faba) are cultivated mainly in the upland areas and are the 
principal food of the mountain population. In the Bamyan district , for in stance, they are 
second on ly to wheat in importance . Broad beans may be grown in a mixture with barley , 
peas , and Lathyrus , and are characteristica lly small seeded and dark in colour. 
Mungbeans (Vigna radia1a) are grow n under irrigated conditions in Badakhstan, 
Badghis , Baghlan , Balkh , Kunduz , Kandahar , and Nangrahar. In the latter province they 
are grown in a mixture wi th maize and used as fodder for oxen. 
Of the other grain legumes grown in Afghanistan, cowpeas and Phaseolus beans are 
primarily grown under irrigated conditions and chickling vetch under rainfed conditions in 
the Balk , Kabul, Herat , Kunduz, Hilmand, and Nangrahar provinces . 
Peas, Phaseolus beans , and broad beans are consumed as both green and dry seed , 
whereas lentils , chick-peas , and mungbeans are eaten only in the dry state. Lentils are used 
in soups , cooked with meat and rice , or cooked alone and served with o il , onions , and 
garlic. Chick-peas are com monl y eaten as a snack; boiled and served wi th salt , pepper , and 
vinegar; cooked with meat and served with rice ; cooked a lone and eaten with bread ; 
covered with candy and eaten as sweets: or mi xed with wheat flour in the preparation of 
"Pickawara." Broad beans are generall y eaten alone as a snack or with onions and gar lic ; 
peas and dry beans are consumed with meat or cooked wi th " ashak " ; and mungbeans are 
mixed with rice and cooked as .. Mujaddara" or dehulled , cooked , and eaten as a 
vegetable. 
Because there has been so littl e work carried out on grain legumes in Afghanistan , the 
major production problems ca nnot be confidently en umerated . However, utilization 
problems concerning cookability are of major importance in determining acceptability 
amongst the population . The major pest and di sease problems recorded include rust, root 
rot , powdery mildew , and aphids on broad beans , and root rot , aphids , and pod borers on 
chick-peas. 
Cons iderable work in both research and extension wi ll be requ ired in the future , first 
to define the major production problems, and then to increase the popularity of these crops 
with the farmers so that they can provide a valuable complement to cereals in rotations and 
assist in bringing much of the presently fallowed land into more intensive cultivation. 
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Food Legumes in India 
A. S. Tiwari 
J . N. Agricultural University , Jabalpur, India 
India possesses the largest area in the world under grain legume cu ltivat ion. Grain 
legumes have proved to be the mainstay of Indi an agricu lture for the past few decades, 
enabling the land to produce reasonable quantities of food grains despite the almost total 
lack of manuring or ferti lization. This has primarily resulted from the legumes' abi lity to 
fix atmospheric nitrogen , which gives them a compara ti ve advantage under these grow ing 
conditio ns. In addition to this, as a group the legumes ex hibit considerab ly higher drought 
tolerance than other crops and have thus found a niche in areas characterized by regular 
moisture stress. Because of these characteristics , legum e crops are invariably included in 
rotations throughout the co untry and also figure prominantly in crop mixtures. 
Apart from these agronomic advantages , grain legumes occupy an important place in 
dietary considerat ions , suppl ying , as they do, most of the protein requirements of India ' s 
predominantly vegetarian popul at ion. Some of the crops also serve as excellent forages and 
grain concentrates in the feed of the country ' s large catt le population and others are 
favoured for use as green manures . 
Production Position 
In 1976 , the area under pul se crops was approximately 24 million ha , or 20% of the 
total area under food grain crops, and the production from this was about 13 million tonnes. 
The major pulse crops and their relative importance to Indi an agr icu lture are g iven in Table 
I. 
Chick-pea is by far the most important food legume crop in India, occupyi ng an area 
of 8.37 million ha throughout the country . The others are of less importance overall, but 
TABLE l. Major pulse crops of India and their relative importance in the country's agriculture. 
Crop % of total 
Botanical name English name Area (ha) Prod . 
Cicer arietinum Linn. Gram or Bengal gram 41.0 51.0 
Cajanus cajan (Linn.) Mitlsp Pigeon pea or red gram 9.8 11.2 
Larhyrus sativus Linn. Chickling vetch 7 .9 7.6 
Vigna mungo Black gram 6.5 3.9 
Dolichos biflorus Linn. Hor.;e gram 6.3 3.0 
Phaseo/us aconitifo/ius Jacq Moth 6.2 2.6 
Piswn arvense Linn. and Peas 5.4 9.8 
Pisum sativum Linn. 
Vigna radiata (L) Witczek Green gram 5.4 2.5 
Lens cu/inaris Mebic. Lentil 3.3 2.9 
Other pulses• 
a Includes: Vigna tmguiculata L. (cowpea), Cyamopsis rerragonoleba L. (clusterbean), Dolichos 
Lab/ab L. (Indian bean or field bean) , Phaseolus 1•ulgaris L. (French bean) , Phaseoltis rrilobus L. 
(pillipesara) , Glycine max. L. (soybean). 
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each crop has its own unique place in the agriculture o f the country de pendent upon its 
suitabili ty for particular rotations and crop mixtures and /or its adaptation to specific 
agroecolog ical conditions. Among the less widel y cultivated pul ses fo r example , cowpea 
and Phaseolus bean are grown in most regio ns of the co untry, whereas soybean is a staple 
pul se only in the temperate regions of the Himal ayas . Similarly, french bean culti vation is 
restric ted to regions with a cool mo nsoon season ; g uar is an important field crop in the 
western part of the lndo-Gangetic Plain in the north ; and pillipesara assumes more 
importance in the south of the country. The culti vation of some crops (e.g., soybean), 
which are relatively more productive and tolerant to adverse conditions, is now tending to 
spread fro m the ir more traditional niches into the plains of northern and central Indi a. 
Madhya Pradesh, Uttar Pradesh , Rajas than , Mahrashtra , and Bihar are considered to 
be the mos t important food legume-growi ng areas in the co untry (Fig. I ). 
Agronomic and Nutritional Uses 
Pulses as Food and Fodder 
In most parts of India, pulses form an essenti al part of the daily diet of the popul ation 
and serve as the major source of dietary protein . They are thus used as food in a wide 
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95 
variety of forms. The most common of these is soup; the split grains are boiled in spiced 
water and seasoned to form " dal" or " sambar ." The grains may also be ground and 
boiled , roasted or fried; sprouted and then cooked; made into sweetmeats; or used as a flour 
in the preparation of bread and other foodstuffs. The grain and pods of some pulses (e.g., 
pea , guar, cowpea , and Phaseolus beans) are often cooked and eaten in the green 
condition. It is largely the brown seeded desi types of chick-pea that are cultivated for 
human co nsumption in India; the pink, green, and black kabuli types are used only to a 
very limited extent in the country. 
Some of the pulse crops, such as guar, cowpea, pea, chickling vetch, horse gram , and 
pillipesara, are commonly used as fodder for draft and milk animals. Legume grains are 
also used to some extent as concentrates in the diets of animals. Guar grain is especially 
preferred for this purpose for draft animals and chick-pea is held in high esteem for feeding 
bullocks and horses. 
Pulses as Green Manures 
Legume crops, such as green gram, cl usterbean, cowpea, and pillipesara, are 
excellent green manure crops, although their use for thi s purpose is secondary to that of the 
well-recognized green manure sunn hemp (Crotalaria juncea ). This is mainly because they 
provide less organic matter, and hence possibly also less nitrogen , to the soil when turned 
in. However, they are considered to be very usefu l as manures because, by virtue of their 
rapid rate of decomposition , they become thoroughly incorporated into the soil at a much 
faster rate than the more woody, conventional green manure crops . 
Pulses in Crop Mixtures and Rotations 
Their ability to thrive under a wide range of soil and climatic conditions ensures the 
legumes an important place in a large number of crop mixtures and rotations throughout 
India. 
Pigeon pea is generally grown in a mixture with millets or cotton, or as a border crop 
in sugarcane fields. In the northern and central parts of the country, where late (250-day) or 
medium (200-day) maturing varieties are grown, they are almost invariably mixed with 
millets such as " jowar" (Sorghum vulgare), " bojra" (Pennisetum typhoides), or 
" kodon" (Paspalum scrobiculatum). Sometimes a small proportion of other crops, such as 
green gram, black gram, or sesamum, are also added to the mixture. These mixtures are 
normally broadcast sown in the months of June or July, depending upon the onset of the 
monsoon. During the first 4 months , the more rapidly grow ing millet is the dominant crop, 
but after the millet harvest in October-November the pigeon pea crop grows rapidly to give 
complete field cover by the end of the winter season. As it flowers and forms pods after the 
associated millet crop is removed, and has a full season in which to complete its growth and 
development , the pigeon pea crop recovers well from its earlier cramping, giving 
reasonable yields . The sowing of this mixture is popular throughout the country as it 
enables two , or sometimes more crops to be grown within one season under dryland 
farming conditions; it also causes a marked reduction in the incidence of wilt disease in 
pigeon pea plants. Although generally grow n as a s ingle crop, chick-pea is often sow n in a 
mixture with wheat, barley, linseed , or mustard in the unirrigated areas of Uttar Pradesh 
and Madhya Pradesh. This is primarily because, having a deeper rooting system than cereal 
crops , the chick-pea component of the mixture provides a certain amount of guarantee 
against crop failure in the event of the winter rains being insufficient to support the cereal 
component. Similarly, horse gram is usually grown as a single crop, but is often grown in a 
mixture with castor, gro undnut , or cotton in Karnataka and other areas. Other legume crops 
commonly included in mixed cropping regimes include short duration varieties of black 
gram with maize; field bean (Dolichos lablab) in " ragi" (Eleusine coracana ) mixtures; 
and cowpea and black gram with millets and oilseeds. 
Grain legume crops figure prominently in rotations all over India. They may occupy a 
field once in every 2 or 3 years or often even more frequently, because of their ability to 
grow well under conditions of limited soi l moisture and at the same time improve soil 
fertility. In Northern India rotation of dry land paddy , which matures in 80-90 days, with 
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chick-pea is a widespread practice. Where the paddy crop is o f a long duration, however, 
field pea (Pisum sari vum) or Lathyrus sativus replaces the gram crop in the rotation . 
To ensure good germination of the legume crop in this rotation it is customary in the 
important paddy-growing areas of Bihar , Orissa , and Madhya Pradesh to sow the pul se into 
a standing paddy crop just prior to harvest when the soil is still wet. However, the crop 
most commo nl y involved in thi s rotation, Lathyrus sati vus, contains a neurotox in , which 
may accumulate in the body and cause paral ys is of the lower limbs (lathyrism). It has 
proved hard to identi fy an alternative to replace Lathyrus in the rotation, as this crop is 
ideally suited to growing in paddy soils , which on drying become as hard as stee l and when 
wetted are quick ly waterlogged . Such conditions preclude the utili zation of chick-peas , 
lentils, or peas, which are sensitive to both drought and overwatering. Investigations 
con tinue and results to date indicate that some lenti l variet ies th at are better adapted to 
these cond itions might be used to replace the current ly grown Lathyrus culti vars . A 
recently developed low-neurotoxin Lathyrus line (Pusa 24) might also be used as a 
replacement. 
Under rainfed conditions chick-pea and lentil are almost in variably grown as a si ngle 
crop in rotation with a cereal , millet , oi lseed , or cotton, depending upon the region. In 
irrigated areas, however, double cropping is frequentl y practiced . This has been made 
poss ible through the evolution of short durat ion genotypes of green gram, black gram , and 
cowpea , which are also tending to popularize multiple cropping under ra infed conditions , 
especially on land that usually remains fa llow for 5-6 months of the year . 
Pulses and Soil Improvement 
The va lue of leguminous crops to Indi an agriculture , by virtue of their ability , in 
symbiosis with Rhiw bium bacteria , to fix atmospheric nitrogen and suppl y it to the soil , is 
immense. Some of the nitrogenous compounds formed in this way are able to pass into the 
so il in the vicinity of the plant roots. These compounds are eas ily ass imil able by 
nonleguminous plants. and the advantages obtained by crops grown in assoc iation with 
legumes may be one of the major reasons fo r the ir popularity in crop mixtures. 
Besides their undoubted contribution to soi l fe rtility , gra in legumes have a 
considerable improveme nt effect on soi l structure , the ir deep and extens ive rooting sys tems 
opening out the subso il layer and providing a large amount of organic matter to this layer 
upon death or shedding . Such deep rooting sys tems and spreading growth habits also mean 
that the legumes are important fo r their erosion- resistant properties. This attribute is often 
exploited by pl anting legumes ei ther singly or between spaced rows of other crops on 
erosion-prone soil s . 
Unfortunately, however, the fact that food legume crops possess such important 
agronomic advantages is tending to mit iga te against achieving y ield improvements in many 
parts of India. Thi s res ults from the farmers ' traditional and contin uing reliance upon 
legumes to replenish soil fe rtility, to ass ist other crops, to reduce soil damage and erosion, 
and to produce yields from very margi nal lands, under minimum input conditions. In using 
legumes in this way it is often forgotten that , in common with other food crops , high soil 
fertility is required for the production of high yie lds. There is thus considerable potential 
for yie ld improvement in Indi a, and indeed throughout the Middle Eas t, through the 
widespread introduction of improved methods of agronomy, especiall y phosphate 
fertilizatio n, coupled with an inherent change in the way that legume crops are perceived at 






Diseases of Major Food Legume Crops in Syria 
S. B . Hanounik 
Plant Pathologist , Tobacco Research Institute, Lattakia , Syria 
Broad bean (Vicia faba), lentil (Lens culinaris), and chick-pea (Cicer arietinum) are 
the major food legume crops grown in Syria, and have been used for thousands of years as 
major sources of low-cost protein food for both hum an and livestock consumption. They 
are produced on average areas of 15 000, 140 000, and 70 000 ha , respectively and thus 
contribute considerably to the agriculture of the country . Lentil s are grown predominantly 
in the northern and centra l areas of Syria, whereas the production of chick-peas is 
concentrated in the southern provinces . Broad beans are culti vated throughout the country 
under a very wide range of environmental conditions and are frequently irrigated , unlike 
the other two crops, which are almost exc lusively produced under rainfed conditions. 
The yield and quality of these important crops are affected appreciably by a number of 
diseases that , depending on weather conditions, host susceptibility , and pathogen 
virulence, may cause severe losses in certain seasons and at certain locations. Of the three 
crops, broad bean is the most severely affected, followed by chick-pea and then lentil. 
Disease severity is usually greater in the coastal districts of Syria , where both ra infall and 
humidity are higher , as opposed to the drier areas of the interior. For this reason , this 
report, which aims to analyze the disease situat ion in the three major legume crops in Syria 
in an attempt to identify the most important disease problems and to indicate research 
priorities geared to their solution, is based mainly on studies conducted in the coastal 
districts. It involves the locational spread and severity of broad bean diseases, the 
development of these diseases as related to planting date, and observations on 
disease-screening nurseries of lentil , chick-pea , and broad bean. 
Diseases of Broad Beans 
The importance of diseases as a major limiting factor in broad bean production has 
become clear throughout the world in recent years . Broad beans in Syria are affected by a 
number of diseases including root rot/wi lt complex, chocolate spot , Ascochyra blight , 
Alternaria spot, rust , powdery mildew, and several viruses. Local cultivars of the crop are 
generally susceptible to many of the pathogens , and diseases of one type or another are 
evident on almost all farms. 
Disease Survey 
In an attempt to analyze the disease situation and identify the major broad bean disease 
problems, a preliminary survey was conducted during the 1976-77 season in the coastal 
districts of the country. Representative collections of I 0-15 diseased plants were taken 
from each of 61 fields distributed along 130 km of the region from north to south . Disease 
development was encouraged in the diseased plant parts through incubation under moist 
and favo urable condit ions and the pathogens involved were identified by microscopic 
examination of these parts. Diseases were recorded as being present when the spec imen 
showed both the characteristic symptoms and the causal organisms of the particular 
diseases. This survey indicated the presence of two viral and six fungal diseases, as follow . 
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Viral Diseases 
Di seases caused by viral pathogens were characterized by two disti nct patte rns of 
symptoms, namely, blotching of the young leaves wi th li ght and dark green areas, 
producing a mottled mosaic pattern; and ye llowing and curling of the upper and younger 
leaves. o attempt was made to purify or identify the causal organi sms. 
Fungal Diseases 
Rust-Small light-co loured pustules on the leaves . developing into well -defi ned 
ci rcular redd ish pustules, cont aining thick-walled, single-ce lled, ova l spores on long stalks 
indicated an infection of rust , apparently caused by Uromyces faba e. The disease was very 
widespread during the season under consideration , bei ng present in 93 % of the sample 
fi elds . It was rarely identifi ed early in the season, but became severe in February and 
March , caus ing considerable defoli ation. However , yie ld losses are probably sli ght except 
on late planted crops , as the disease appears late after many of the pods have a lready been 
set. 
Chocolate spot - Starting as small , we ll-defined , slightly sunken, reddish spots , 2-5 
mm in diameter with dark brown margins. the charac teristic symptoms of chocolate spot 
become larger later in the season and may coalesce to form irregular and dark les ions . 
These symptoms were resolved into two distinct types of host react ion: small , brown , 
well-defined spots; and darker, coalesced lesions . Whether these two react ions are due to 
different strains of the pathogen or to differences in host phys io logy at the time of infection 
has still not been determined . Under microscopic examination, the oval/spherical , 
si ngle-celled conidia borne in c lu sters at the tips of irregul ar conidiophores indicated 
Borrytis fabae as the causal agent. The disease was widespread and reached epiph yto tic 
levels in December and January, a period characterized by cool and humid weather and the 
formation of dew on broad bean leaves. It was present in 86% of the sample locations and 
was probably the most destructive of the di seases studi ed in the 1976-77 season. A 
comparison of a sample of heavily infected plants wi th a similar sam ple of di sease-free 
material indicated losses of up to 75% in the green seed weight of the crop. Furthermore , 
during extended periods of cool wet weather , infection caused total crop loss. Chocolate 
spot has been contro lled successfully in certain parts of Syria by the application of 
dithiocarbamate fungicides. However , a s imilar approach to control in the coastal areas has 
failed, due presumably to the rapid washing off of th e chemical from crop leaves as a result 
of the higher precipitation in these areas. The use of dithiocarbamates combined wit h a 
sticking agent is currently being tes ted as a way around thi s problem. 
Ascochyta blight - The symptoms of the disease. name ly circular/oval, tan-coloured 
spots with dark margins conta ining small black pycnidia, and the examination, which 
revealed the presence of masses of oblong, one to two septate spores, confirmed that the 
infection was caused by Ascochyra fabae. This disease a lso reached epiphyto tic conditions 
during January and February and was found in 85% of the samples. Although the 
symptoms were mainly confined to the leaves , pod and stem infections were a lso observed , 
and appreciable losses were apparent . Ascochyra blight is a seed-borne disease and isolates 
of the pathogen obtained from local seeds have been show n to possess a hi gh degree of 
virulence in artificial inocu lation trials . The use of clean seed is therefore an important step 
in minimizing infection and reducing yie ld losses caused by this disease. 
Brown spot - The causal agent of this di sease was identified as an Alternaria species 
from the characteristic c ircul ar, dark-brown lesions with concentric markings and a 
surround ing halo of pale tissue and the brown chains of c lavate , septate conidi a that these 
lesions contained. The lesions were mostly confined to the lower leaves dur ing the early 
part of the season , but spread to the upper leaves and pods as the season progressed. The 
disease was encountered in 84% of the sites and its severity appeared to be enh anced by 
interactions with Botrytis fabae and Ascochyta fabae , which seem to predispose the host to 
infections by Alrernaria spp . 
Powdery mildew - Chlorotic leaf spots with a covering of powdery grey mycelium, 
consisti ng of hyphae and con idiophores bearing one-ce lled conidia , indicated that these 
infectio ns were probably caused by Erysiphe polygoni. The disease was of mi nor 
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importance during the 1976-77 season, as weather conditions did not favour disease 
development, and o nl y 5% of the sample locat ions were found to be infected. 
Black root rot/wilt complex - Plants infected by this complex of diseases exhibit 
general wilting and collapse. Infection usually occurs in isolated loci but in severe cases 
most plants in the fi e ld become infected, stunted, and may die before flowering. 
Preliminary ident ification of the causal agents indicate that this complex is caused by a 
number of different pathogens. So far, several fungi, namel y Rhizocton ia spp . (from the 
necrotic xy lem), Phia/ophora spp. (from the pith tissue at the base of the stem), and a 
Pythium spp. (from the roots of seedlings) have been isolated from infected plants. About 
77% of the sample fields were infected, and , even though loss can be severe, it is hi ghl y 
dependent on the stage at which the plant is attacked , younger plants in general being more 
susceptible than older ones . In addition, it appears that heavy soils tend to favour disease 
development, probabl y due to their superior water-retention characterist ics. 
Disease Development and Planting Date 
By altering dates of crop planting, the relation between susceptible stages in the host, 
environmental conditions, abundance of disease inoculum , and the incidence and 
development of infections can a lso be changed. Inves tigations with local broad bean 
varieties planted on 10 December, 25 December, 10 January, 25 January , and 18 February 
have indicated that the severity of Ascochyra blight , choco late spot , and root rot decreased 
significantly with delay in planting. These decreases may have been associa ted with the 
decreasing precipitation, increasing temperatures, or changes in relative humidity that 
occurred during the period under consideration. No statis ticall y significant differences 
were detected between plantings in the development of Alternaria leaf spot, a lthough 
earli er p lantings showed slightly lower levels of infect ion th an the later ones. 
Differences in disease development between dates of pl ant ing were probably due in 
part to differences in the susceptibility of the broad bean plants at different stages of growth 
and the abundance of disease inoculum at these stages, as well as to the environmental 
considerations already mentioned. Additional research is needed to understand the 
development of these diseases in re lat ion to the physiological growth stages of the host 
plants, so that control methods based on cultural practices can be put on a much more 
rational base. 
Diseases of Chick-peas 
Chick-peas grown in Syria are affected significantly by both the diseases of the root 
rot/wilt complex and Ascochyra blight. Disease severity is greater in the coasta l zones, but 
as this crop is grown predominantly in the drier south of the country , disease considerations 
may be less importan t than in broad beans, which are cultivated under cond itions much 
more beneficial to disease preservation and development. 
Root Rot/Wilt Complex 
As with broad beans, preliminary attempts to identify the causal agent have revealed 
the assoc iation of a number of fungi with the disease. These include Rhizocronia sp. 
(isolated from the tap roots) , F11sariw11 sp. (from the vascular tissue) , Peyronelleae sp. 
(from the stem near the soil surface), and Phialophora sp. (from the lateral roots). Work is 
currently under way to confirm the association of these organisms with the disease and to 
establish their pathogenicity. Losses due to root rot/wilt complex are difficult to estimate, 
but it is evide nt that severity is greater on plants grown in heavy and wet soils , and on the 
crops planted early, during the rainy part of the season. 
Ascochyta Blight 
This is probably the most important disease of chick-peas in Syria, especially in years 
when the rains continue late into spring. It can be very destructive in the humid coastal 
districts where ra in fa ll is high and may be particularly severe in crops that are early sown in 
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November. C lose examination of diseased tiss ue has shown the causal organ ism to be 
Ascochvta rabiei . 
S temphylium 
Attack by species of S1emphvliw11 results in chlorosis of the leaves fo ll owed by 
necrosis of th e ir tips. The d isease is considered to be of minor importance and is norm all y 
fo und only on leaves of p lan ts already infec ted with root rot. It appears that root and stem 
infection s by pathogens of the root rot/wilt compl ex increase th e susceptibility of the plan ts 
to infection by this organism . 
Diseases of Lentils 
Of the three major pulses grown in Syria, lentils are leas t affected by diseases. A few , 
however, inc luding root rot/w ilt complex, dow ny mildew, rust , and Ascochyw blight , have 
been observed on farmers· fie lds. 
Diseases caused by the pa thogens of the root rot/wil t complex are probably the most 
important of these. Infection is more severe in the coastal districts but, as lentil s are 
primarily grown in the inland areas with lower rates of annual rainfall , losses are rarely 
very appreciable. One causal agent has been preliminarily identified as Phialophora sp., 
which was isolated from necrotic stem and roo t tissues . However, it seems lik ely that other 
pathogens , such as Rhizoctonia and Fusariu111 sp., are also associated with this disease 
complex. More work on isolation and pathogenicity test ing is required before any firm 
identification can be made. As in chick-peas, infections by root ro t/w ilt pathogens appear 
to render lentil fo liage more susceptible to attack by S1emphyliu111 sp. 
At present, deta iled information on the distribution and economic importance of 
downy mildew (Peronospora sp. ), rust (Uromycesfabae), andAscochy1a blight of lentils is 
not avai lable. These diseases do not seem to have precipitated major losses as ye t but may 
remain as a potential problem in lentil-producing areas. 
Research Priorities 
In Syria , disease infection constitutes one of the most important constraints to the 
production of broad beans and , to a lesser extent, ch ick-peas and lentil s. The di sease 
situation in the country is complex and cons iderably more studies, especially disease 
survey programs, simi lar to that initi ated in the broad bean-producing coastal areas, should 
be conducted throughout Syria in the major legume-produc ing areas . These surveys will 
enable the identification of the disease problems of significance, the ir d istribution, and 
economic importance . Survey work to ascertai n the countrywide importance of virus 
diseases and the ir insect vec tors Aphis sp. will also be necessary. 
Information gained from thi s survey work will help to concentrate research activities 
on the problems of prime importance and provide a valuable base from which the 
development of effective disease control strategies fo r different diseases and locations can 
proceed. At present no resistant cul ti vars are ava ilable for local production and thus 
considerable emphasis should be placed on the identification of sources of resistance, the 
incorporation of this re istance into improved varieties, and increas ing the ava il ability of 
these varieti es to the farmers. Due to its very favourable envi ronment for di sease 
development, the coastal di strict of Syria is an excellent location fo r work of this type. 
However , in support of this emphasis, much work sti ll remains to be done on screening 
techniques and methods of creating artificial epiphyto tic conditi ons in the field, before 
reasonable advances can be expected. With the present undeveloped state of breeding work 
aimed at the production of resistant var ieties, short-term efforts should also be geared 
toward development of chemical contro ls together wi th modified agronomic practices, 
including meas ures to control var ious weed reservoirs of inoculum , whereas long-term 
research should focus more on an integrated control strategy in which res istan t varieties 
play the major role . 
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Besides its more obvious effect on seed yield , disease can also affec t seed quality and 
hence the price th at the farmer receives for his produce . Seeds infected with Ascochyta, for 
example , are covered with brown spots and thus have a low market value. The relation 
between disease infection and seed quality, in terms of protein quantity and quality, and the 
presence of antinutritional factors need study, and quality cons iderations must be taken into 
account in determining the economic feas ibility of various disease control measures. 
Much work remains to be done , but recognition of the magnitude of the problem and 
the critical areas of importance within it are enabling research to focus itself much more 
fi nely on providing solutions to the specific disease constraints, which at present prevent a 
greatly increased production of these important food crops in Syria . 
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Food Legume Diseases in North Africa 
M . Djerbi 
/NA T, 43 avenue Charles Nicolle. Tunis, Tunisia 
and 
A . Mlaiki and M. Bouslama 
Division techn ique de /' Office de cereals. 30 Alain Savoury , Tunis . Tunisia 
Food legumes have been important crops for some considerable time in the countries 
of North Africa, and recent increases in demand for dry pul ses in Western Europe appear to 
be promoting a renewed interes t in these crops. Food legumes provide a valuable source of 
dietary prote in to the population and also pl ay an important role in maintaining soil 
productivity in rotations by accumulating plant nutri ents, such as nit rogen, and improv ing 
soil physical conditions. 
The area occupied by grain legumes has flu ctuated around 800 000 ha for the pas t I 0 
years , and the production from th is area simil arl y around 600 000 metric tonnes . The low 
and variabl e yields obta ined from these crops are to a large extent a result of the number 
and severity of the diseases that habitually affect them . These diseases affect both the yield 
and quality of the food legumes and constitute perhaps the most limiting factors to the ir 
prod uction . 
Diseases of Broad Bean (Vicia f aha) 
Broad beans are the dominant grain legume crop in North Africa, but yie lds are low 
and erratic as the commonl y grown land varieties are poor yielders and susceptible to many 
pests and di seases. Fungal pathogens that affect the crop that may cause appreciable 
damage include Borryris fa bae (chocolate spot) , Uromyces f abae (rust), Cercospora fabae, 
Peronospora f abae (dow ny mildew), Fusarium cu/morum and F. avenaceum (root rot and 
wil t), and Pleospora herbarum . Of these, Botrytis fabae is by far the most important, 
becoming epidemi c in hot and humi d spring weather during flowerin g and fruit maturity 
and caus ing very great yield losses. Infec tion, for example, was so severe in 1970 and 1973 
that farmers had no altern ati ve but to plough in the ir crops. The di sease is characteri zed by 
the appearance of c ircular brown spots on the leaves, fro m which it ge ts its common name, 
chocolate spot. These spots are usuall y from I to 3 mm in di ameter , but can reach up to 15 
mm and coalesce to fo rm large necrotic areas in some cases . Diseased plants are also 
covered with necrotic les ions at the ir base and on the ir stems, and the fl ower parts and pods 
become covered in small black spots, which may res ult in a high percentage of fl ower 
sterility. 
Although the other d iseases are endemic to North Afri ca and appear regularly on the 
crop, they appear to have litt le economic importance in the region. 
Diseases of Chick-pea (Cicer arietinum) 
Chick-pea is the second-most importanr gra in legume crop in North Africa and is 
grown on approximate ly half the acreage devoted to broad beans. Several pathogens affect 
the crop causing considerable yie ld losses. These include Ascochvta rabiei (blight ) (a lso 
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recorded as Mycosphaerella rabiei), Fusarium oxysporum (wilt) , and Pleospora her-
barum . 
Perhaps the most severe of these diseases in the region is Ascochyta blight , which 
causes elongated cankers on the stems, and circular/oval , brown to white spots with red 
margins about 8- 10 mm in diameter on the yo ung leaves. The pods are also infected and 
the pathogen enters the seed in which it is preserved to cause future infections. Mild attacks 
of this disease usually cause losses of the order of 40%, but plants infected early in the 
season , or in humid springs when the disease takes on epidemic proportions , may Jose all 
their green tissues and have to be ploughed in . 
All land varieties grown in Tunisia are susceptible to A . rabiei , and, as the fungus can 
be preserved in very hardy structures on plant parts left in the soil as well as in the seed, it 
recurs regularly every year in the chick-pea crops, becoming very severe onl y when 
environmental conditions are favourab le. Seeds with coloured seed coats have been shown 
to be tolerant to the pathogen , but are unfortunately of no commercial value. 
In contrast to Ascochyta blight, the ye llowing and wilting of plants caused by species 
of the genus Fusarium ( F. oxysporum and F. /ateritium) are particularly serious in dry 
seasons. Losses resulting from these pathogens, which are also preserved both in the seed 
and in diseased plant parts in the fie ld , have been recorded as between 20 and 40% in 
Tunisia during 1977. 
Pleospora herbarum, which is predominantly seed transmitted , causes a decreased 
germ ination capac ity in infected seeds. However , the economic impact of the pathogen is, 
at present , negligible . 
Diseases of Dry Peas (Pisum sativum) 
Although ranking third in importance after broad beans and chick-peas in the region as 
a whole, dry peas are more important in Morocco. The presence of several pathogenic 
agents, which include Ascochyta sp . (A. pisi , A. Pinodella, and A. Pinodes) and F. 
oxyspo.rum , has been confirmed on this crop. 
Of these, Ascochyta sp. are the group most frequently observed and most 
economicall y important. Variations in the size of the fruiting bodies (pycnidia) , the spores, 
and in the symptoms caused allow an easy dist in ction between the three important species 
of the pathogen . A. pisi has spores measuring approximately 4.2 x 13.9 microns , and 
causes large pale-brow n spots containing black pyncidia intermediate in size , on the leaves 
and pods. Some stem injury may also be apparent . Whereas the other two species cause 
darker leaf spots with purple margins, A. pi node/la has small pycnidia and spores 
measuring 3. 7 x 8.8 microns and mainly causes root rot, while A . pinodes attacks all the 
plant parts and has large fruiting bodies and spores measuring 4.5 x 12.3 microns. All 
three species can be seed transmitted as well as preserved on plant parts in the soil and yie ld 
losses from infection may be severe, especially in Morocco , which, as a result of the 
ocean ic influence, has a higher April to June ra infa ll and humidity than the other two 
countries. 
Wilting caused by F. oxysporum f. pisi and other Fusarium species is characterized by 
ye llowi ng of the fo li age and dwarfing and may result in severe plant injury and yield loss. 
The disease favo urs dry so il and high temperature conditions and generally appears in the 
field in isolated circular foci , which enlarge as the season progresses and may coalesce to 
cause extensive fi eld infection in serious attacks. 
Diseases of Dry Beans (Phaseolus spp.) 
Dry beans are culti vated on only approximately 14 000 ha of land in North Africa and 
thus make little contribution to the agricultural economy of the region. Many pathogens 
have been reported as infecting this crop , among which Colletotrichum /indemuth ianum f. 
sp . phaseoli , which causes anthracnose (characterized by yellowing and wilting 
symptoms), bean mosaic virus (BMV), and bacteri al diseases are the most significant . 
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Diseases of Lentils (Lens sp.) 
Few studies have been carried out on the di sease problems of th is crop to date; 
however, Borry tis sp. and F. oxyspon1111 appear to be the most important pathogens. 
Research Efforts 
From the limited volume of work so fa r un dertaken on legume diseases in the North 
African region, it appears tha t Botry tis fabae is the fungal pathoge n of major importance in 
broad beans and Ascochyta spp . and Fusarium spp . cause th e most problems in chick-pea 
and dry pea crops. Pas t research on d iseases of grain legumes has been concentra ted on 
stud ies o f A. rabiei , and insuffic ient importance has been attached to these other disease 
problems . Present research a ims to correct this imbalance by focusing on the es timation of 
losses caused by all three major legume di seases : the evolution of reli able inoculation 
techniques for these pathogens to promote good artificia l infections for screening purposes; 
the identifi cati on of lines o f broad bea n and chick-pea res istant to the major di seases; the 
an alys is o f symptom express ion fo r the eva luation of host reac ti on to diseases and the 
determination of to lerance as we ll as genera l fi e ld res istance; and the evalu ation of cultu ra l 
and chemical contro l methods as supplements to the main co nt rol program , wh ich foc uses 
on host plant resistance . In this way a g reater understanding of the mec hani sms invo lved in 
disease infec tion and development , leading to the es tabli shment of integrated strat egies fo r 
mini miz ing these severe constra ints to production, ca n be achieved . 
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Food Legume Diseases in Ethiopia 
Alem u Mengistu 
Agrirnltural Experiment Station . Debre Zeit, Ethiopia 
The most important food legume crops in Ethiopia are grown in the highland regions , 
at a ltitudes of betwee n 2800 and 3000 m where annual rainfall varies from 950 to 1500 
mm . These crops include chick-pea (Cicer arietinum ), broad bean (Viciafaba ), lentil (Lens 
culinaris), grass pea (Lathyrus sarivus), and field pea (Pi sum sa ri vum ). Of these , chick-pea 
is the most important , occ upying 30% of the total pul se ac reage. Other relative ly new ly 
introduced species , such as soybean (Glycin e max), cowpea (Vigna unguicu/ata) , lim a 
bean (Phaseo/us lunarus) , and haricot bean (Phaseolus vulgaris), are also grow n on a small 
scale and predominantly at the lower altitudes. 
The pul se improvement program in Ethiopia is still in its infancy . However , the 
limited studies made to date on legume crops have ind icated that di seases caused by several 
species of soil and foliar fung i, nematodes, v iruses, and mycoplasma resu lt in serious crop 
losses and are a severe constraint to the more widespread and intensive cultivation of food 
legumes in the country. 
Important Diseases 
As it is the most widely grown pulse crop , chick-pea has benefited from considerably 
more work on its di sease problems than the other food leg umes. Of the d iseases that cause 
serious y ield losses in chick-peas, the complex of wil t and root rot is the most s ignificant. 
These diseases, caused by a group of pathogenic fungi that include Fusarium oxysporum , 
Sclerotium rolfsii , Rhizocronia batarico/a, and R. solani , may result in losses of up to 80% 
in farmers' fields and contribu te signi ficantly to the low yields usually obtained from this 
crop (630-790 kg/ha). Similar prob lems of wilt and roo t rot also beset lentils, broad beans, 
and field peas. 
Both chick-pea and saffl ower may suffer considerable losses from infection by a 
spec ies of Me/odogyne (the root knot nematode) and rust (Uromyces ciceri arietini), and 
more recently blight (Ascochyta rabiei) has been found to cause great damage under certain 
conditions. 
On le ntil s, an thracnose (Col/etotrichum destructivwn), rust Uromyces fabae) , and 
blight (Ascochyta lini) are the most significant diseases, whereas choco late spot (Bo trytis 
fabae) and rust cause the greatest yie ld loss in broad beans . Yield reductions of up to 35% 
have been caused by attacks of powdery mildew (Erys iphe polygoni) on field peas, and 
haricot beans suffer mainly from rust, anthracnose, and bacteri al blights. Full details of the 
di seases recorded th roughout Ethiopia are g iven in Table 1. 
Studies on seed-borne microflora involving bioassays have revealed 38 fungi , 1 virus, 
and I bacteria (Bacillus subtilis) associated with soybean seed , and 15 fung i together with 
B. subtilis in assoc iation wi th seeds of chick-pea . Tests have shown that many of these 
fungi are pathogenic and such seeds may thus provide an important source of primary 
inoculum fo r disease development in the country. 
Control Measures 
Seed dressings o f Furaden , Pol yram combi , and Folcid in , when used in combination 
wi th insec tic ides, have been found to increase chick-pea y ields by an average of 14% as a 
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T ABLE I . List of important pulse diseases recorded from surveys made between 1976 and 1977 . 
Chick-pea 
Ascochyta rabaei 
















Co/letotrich11m destructi v111n 
Powdery mildew 
Broad beans 
Borrytis fa bae• 
Uromyces fa bae• 
Sclerori111n rolfs ii 
Rhizocto11ia batatico/a 






Oidi11111 spp. (E. polygoni)" 
Ascochyta pisi 
Septori pisi 











Soybean mosaic virus 
Downy mildew 
Sc/erori11ia sc/erorium 
Diaporrhe phaseo/orum var. sojae 
Macropho11i11a phaseolina 
Colle10trich11m demarium var. rnmcarum 
Sc/erorium ro/fsii 







• Presently identified as the mos t important di seases. 
result of control of pathogens causing both wilt and rot and the control of so il-living insect 
pests. Treatments wi th the fun gicide Thi ram together wi th the in secticide Aldrin have also 
resulted in considerable yield increases (about 69%) over untreated checks . 
Fungicide sprays of Tridemorph and Dinocap have given adequate control of powdery 
mildew, but dusting with powdered sulfur or spray ing with Karathane results in much 
better contro l. 
Dusting with su lfur has also been fo und to be useful in cont rolling rust diseases , but 
the deve lopment of res istant varieties appears to be a more prac tical method of consistent 
contro l. In controlling anthracnose . spray ing with copper or dithiocarbamate fun gic ides, 
using disease- free seed , and plant ing resistant varie ties have proved very effective 
measures. The use of disease- free seed. res istant varieties, and seed treatment with 
organomercurial fun gic ides is recommended for cont rol of bacteri al blights. 
Screening of chick-pea lines for res istance to wilt , root rot , and Ascochyta blight is 
under way and has so far yielded some indication of a correlation between seed coat colour 
and wilt /root rot resistance, bl ac k and red seeded lines , in general, being fa irly res istan t to 
these di seases and white seeded varieties be ing more susceptible . Because there is a 
definit e consumer preference for light seeded types, the combination of res istance and hi gh 
yie ld into light seeded varieti es has been a foc us of prev ious research work . 
At prese nt , nurseries of chick-pea materi al from ICRISAT and of lentil materi al fro m 
!CA RDA planted and screened in Eth iopia are yielding some promising lines . However, 
much more rigorous screening must be undertaken in the future to full y evaluate these 
varieties. Other research work currentl y under way inc ludes the eva luation of fi eld pea 
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lines fo r resistance to Ascochyta blight , powdery mildew, and root rot , and of haricot bean 
var ieties for res istance to bac teri al blight and viruses. 
Studies of cultural practices have shown that date of pl anting and planting depth have 
a defin ite infl uence on wi lt and root rot incidence and development and hence yie ld loss. 
Planting around the end of Jul y has give n significantl y higher yields than when planting is 
delayed , and the percentage recovery of pathogenic fungi from plants was fo und to 
decrease with delay in planting . Investigations have also shown defi nite improvements in 
plant stand and seed yie ld to be assoc iated with planting at a depth of 6 cm as opposed to 
higher (2 cm) or lower ( 1 1 cm and 15 cm) in the profile. This may be as a result of the seed 
being less exposed on the one hand to adverse weather co nditions and on the other to the 
seed-rotting organisms. Losses from wilt/rot diseases may also be minimized by avo iding 
the planting of susceptible varieties on low- ly ing and wet fields . 
Research Priorities 
The present survey work on pulse di seases wi ll be extended to provide adequate and 
up-to-date in formatio n on the important diseases and the level of losses that result from 
them across the country. 
The collec ti on of local germ plasm and its eva luation alongside introduced material 
will be continued in an effort to produce a number of high-yielding variet ies res istant to the 
specificall y important di seases that prevail in Ethiopia. 
Studies on the effect of cul tural practices and chemicals on disease incidence and 
severity will be expanded to complement the breeding and selection work and to evolve a 
wide range of individual and integrated co ntrol measures . 
Seed inspection by the plant quarantine section of the Ministry of Agriculture will be 
strengthened and a seed health-tes ting centre needs to be established so that pathogens on 
imported seeds can be detected and e liminated before causing damage within the country. 
These de velopments, it is hoped , will provide a good and solid base to pulse pathology 
work in Ethiopia. However , severe constraints, such as inadequate laboratory facilities, 
insufficient field eq uipment , and trained manpower, and poor access to scientific work and 
information generated outside the country , are at present combining to prevent the rapid 
evolution that is necessary within the legume improvement program as a whole. The 
reduction of these constraining factors will pave the way for the development of adequate , 
appropriate , and consistent disease control measures, which will in turn reduce limitations 
to more widespread and intensive production of these legume crops . 
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Diseases of Broad Beans (Vicia f aha) in the Sudan 
Mustafa M. Hussein and Sarni 0. Freigoun 
Hudeiba Research Station, P.O. Box J I . Ed-Damer, Sudan 
Broad bean , or '· fut masri " to use its Arabic name, is a popular food crop in the 
Sudan. The dry beans, cooked overnight on a low flame and served with sesame o il , sa lt , 
and pepper, constitute a very common dish for the masses throughout much of the country. 
Although the price has almost doubled in the past few years (now equalling 240 Sudanese 
pounds per tonne ) consumption is steadily ris ing. Thi s is a good sign because nutritionally 
broad bean is a good prote in subst itute for meat, which itse lf is rapid ly becom ing 
increasing ly expensive. 
In the north of Sudan , where suitable c limatic cond itions prevai l, co mparatively large 
areas are annually sown to broad beans. The acreage, however , fluctuates considerab ly 
depend ing on the farmers' preference for the crop as opposed to its main alternative, 
French beans, which in turn is determined by market prices. Average yields vary from 
1200 kg/feddan ( I feddan = 1.0379 acres) under research conditions to about 600 
kg/feddan in the farmers' fi elds. Thi s diffe rence and the large annual yield flu ctuations 
experienced can be attr ibuted in part to the considerable number of diseases that affec t the 
crop. Some of the more important of these diseases are currently under investigation at the 
Hudeiba Research Station . 
Viral Diseases 
Broad Bean Mosaic Disease 
This is a common disease , widespread in broad bean-growing areas and especiall y 
severe in late sown crops. Its causal organism , Sudanese broad bean mosaic virus 
(SBBMY), is considered to consist of two dist inct virus partic les, name ly pea mosaic virus 
(PM V) and broad bean mottle virus (BBMV ), which can be present separately or in 
combination. PMV is the most common component and appears to be respons ible for most 
of the damage (Table I). Both viruses produce si milar sy mptoms (i.e., mottling and (or) 
vein c learing) and can be carried symptomless in the plant. Transmiss ion of PMY is 
th rough insects, specifically aphids , as well as mechanically and in seeds as with BBMY . 
PMY trans mission in broad bean seed has been found to be more freq uent than that of 
either BBMY or the complex SBBMY. 
Disease development is closely re lated to sowi ng date; incidence and fina l percentage 
infection increases steadily with delay in sowing. Arti fic ial infection with a mixture of the 
two viruses under field conditions has been shown to significantly reduce the plant height , 
number of pods per plant, and seed weight of crops sown at the optimum da te. This effect, 
however, was masked in late sown plan ts (Table 2). either appli cation of nitrogen nor 







































































spraying against the vector has had any effect on disease incidence . Thi s indicates that the 
extent of seed tran smiss ion may be considerably greater th an at present envisaged. At this 
time the only contro l measure that can be advocated involves sowing at the optimum time 
(the second half of October). 
Phillody (Green Flower) Disease 
This is a minor disease that has previously been attributed to the group of 
witches'-broom viral diseases. Extensive and detai led surveys have consistent ly shown the 
incidence to be low and insufficient to justify concern at present. No insect vector nor any 
indicat ion of secondary spread is ev ident and a ll attempts to transmit the virus by insects on 
dodder or in seeds have proved unsuccessful. Disease incidence dimini shes sharp ly with 
delayed sowing but so far no other consis tent control method has been discovered. 
Fungal Diseases 
Powdery Mildew 
This is one of the major fun gal diseases in Sudan, causin g considerab le losses in years 
favourable for its development and spread. It is caused by Leivellu/a taurica Lev., wh ich 
infects the crop earl y in the season, and Erysiphe polygoni and an Oidium spec ies that 
appear later in the season. Disease incidence can be signi fi cantly reduced by applica ti ons 
of several fungicides, especially sulfur-based compounds , but thi s has not been foun d to be 
associated with a reduction in yield losses , even if used as a protective measure before the 
appearance of infection symptoms. However , losses can be greatly reduced by sowing at 
the optimum time (late October). All local and previously introduced varieties are 
susceptible to the disease and hence sources of resistance introduced from Russia and 
Germany are currently being used in breeding programs aimed at achievi ng better control. 
Wilt and Root Rot Diseases 
Since 1972, the incidence and severity of diseases causing a variety of wi lting 
symptoms has increased considerab ly , espec ially in seasons with conditions of re latively 
high temperature. The variat ion in disease symptoms suggests the involvement of more 
than one pathogen, and this has been confirmed by the isolation from diseased material of 
Fusarium oxysporum , responsible for the typical wilt symptoms characterized by general 
leaf yellow ing and discolouration of the xy lem vessels , and Fusarium so/ani f.sp . fabae , 
causing the yellowing of the margins and gradual death of older leaves and the sudden 
death of younger leaves associated with basal rotting of the roots. 
In addi tion to the negative effect on seed yield , which can be considerable , infect ion 
by these pathogens has been found to significantly reduce seed quality, espec ially protein 
content . Results of investigations into chemical control of these di seases have so far proved 
negative, and although there are significant differences between var ieties in the degree of 
infection, no good source of resistance has yet been discovered. However, again , sowing 
date can be seen to positively affect disease development (Table 2) and losses due to these 
diseases may be minimized by late sowing. 
Disease Complex 
This is a newly recorded disease , caus ing necrosis of stems, leaves , and pods , basal 
root rotting, and the rapid coll apse of plants. Isolation tes ts suggest that the disease is 
caused by a combined infection of Fusarium spp. and Helminthosporiwn spiciferum. It is 
aggravated by water stress and high temperatures but severity can be to some extent 
reduced by avoiding early sowing of the crop . 
Diseases of broad beans in the Sudan cause considerable loss almost every year . 
However, losses vary with environmental conditions and can be minimized by choosing the 
optimum sow ing date when only one disease prevails or a comprom ised sowi ng date where 
more than one disease is important. At present, control through chemicals and varietal 
resistance has proved largely ineffective in reducing disease losses . Nevertheless work 
continues in the development of effective control methods a imed at giv ing a much greater 
and more stable production of this crop , which is so important to the life of Sudan. 
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Section IV 
Major Pests and Weeds of Food Legumes 
Insect Pests of Food Legumes in the Middle East 
Nasri S. Kawar 
Farnlty of Agricultural Sciences. American Unil·ersi ty of Beirut . Beirut , Lebanon 
Food legumes are attacked by a var iety of insect and mite pests that feed on the leaves, 
the seeds in the ir pods, or on the underground parts of the plants. A key of the most 
important insect and mite pests of beans, peas, chick-peas, and lentil s grown in Middle 
Eastern co untries is as follows . 
Key to the most important insect and mite pests of beans, peas, chick-peas, and lentils 
in the Middle East 
A. Insects and mites sucking sap from the leaves and stems 
( l) Small, greenish, long-legged aphids feeding on undersides of leaves and stems and causing 
plants to look bronzy and wither ............ . .. . .. . ................ Macrosiphum pisi 
(2) Black aphids found on the terminal growth of beans; plants often become covered with sooty 
mould .............................................................. Aphis fabae 
(3) Bean leaves become yellow or bronzed in colour and die ; white webs on underside of leaves, 
among which are many microscopic eight-legged reddish or greenish mites ..... ... ....... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tetranyclws urticae 
B. Insects eating holes in the leaves or tunneling in stems 
(I) A tiny weevil with a striped body that feeds by eating crescent-shaped pieces from the margins 
of leaves . . . . . . . . . . . . . . . . . . . . . . ... ... ... . .... . ............... Sitona lineata 
(2) Wilted bean plants and dead stems with tiny white maggots inside ......... . . . .. . . . ..... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Melanagronyza phaseo/i 
C. Insects attacking seeds within the pods in the field and in storage 
(I) Peas within pods partly eaten by cream-coloured caterpillars (up to 13 mm long) covered by 
webs and surrounded by pellets of excrement ......... .. ..... .. .. . Laspeyresia nigricana 
(2) Chick-pea pods containing large greenish caterpillars with alternating light and dark stripes 
along the length of the body ............... ... ... . ............... . Heliothis armigera 
(3) Interior of peas in the field and in storage eaten by tiny white grubs and brownish beetles with 
two small black spots at tip of abdomen; only one insect in each seed . .. . .. Bruchus pisorum 
(4) Interior of beans and peas in the field and in storage eaten by grubs similar to C3 and by smaller 
brownish beetles; often several insects in a seed ..................... Bruchus rujimanus 
D. Insects culling offplanrs near the surface of ground or feeding on underground parts 
(I) Plants chewed off near surface of ground by brown, gray, black, or dull-green greasy-looking 
and variously striped or spotted caterpillars .. ........ . . . .... .... ... . . ... . . . Cutworms 
(2) Seedlings uprooted and roots cut off by a weird-looking brown cricket with strong digging 
shovel-like front legs ........................................ Gryllotalpa gryllotalpa 
Pea Aphid 
The pea aphid, Macrosiphum pisi (Harris) , belongs to the family Aphididae of the 
order Homoptera. The adult aphid is long- legged and green in colour, and the largest 
individual measures abo ut 5 mm long. It has red eyes, and its legs and com icles are usually 
tipped with ye llow. Winged and wingless forms are found together on the plants. 
Host Plants 
Peas, sweet peas, clover, sweet c lover , alfalfa, and weeds of the legume family are 
commonly attacked by the pea aphid. 
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Damage 
Infested plants wi lt as a result of the sap suck ing of the aphids and bron zy patches 
appear in the fi eld. The pea aphid is a lso a vec tor of pea enati on mosa ic virus , which infects 
peas, vetc h, and sweet c lover , and of the yellow bean mosaic of peas and alfalfa. 
Life Cycle 
M. pisi may continue to breed during the winter in areas where host pl ants are 
ava ilable and cl imatic conditions are favo urabl e for its deve lopment. In spring, the aphid 
population increases sharply and several ge nerations are produced during the spring and 
summer months. Winged forms appear when the aphids become crowded on the plant and 
these spread to other plants to start new colonies . In areas where the temperature in autumn 
drops and winters are co ld , the pea aphid fo llows a holocyclic li fe pattern . In autumn the 
viviparous femal es g ive birth to young aphids , some of which develop into winged mal es 
and others into winged and wing less fema les. These become sexuall y mature , copulate, 
and the females lay thei r eggs on the leaves and stems of a lfa lfa and red c lover. The eggs 
are light green in colour at first and gradually change to shiny black; aft er overwintering 
they hatch into wingless parthenogenetic stem-mothers in the followin g spring . 
Control Measures 
A number of sys temic organophosphate insectic ides are effective against the pea 
aph id. In recent years, several aphicides have been developed; these have the added 
advantage over broad-spectrum insectic ides of spec ific ity of action against aphids alone. 
Bean Aphid 
The bean aphid A phis fabae (Scop. ) also belongs to the famil y Aphididae of the order 
Homoptera . The adult aphid is black in colour and smaller in s ize than the pea aphid. 
Winged and wing less fo rms are found together on pl ants . 
Host Plants 
Bean plants are the ma in host of A .fabae. Many weeds are al so infes ted by thi s aphid. 
Damage 
The aphids are fo und mainly on the terminal growth of plants where they suck the sap 
and cause ye ll owing of leaves and dwarfing of pl ants. Black sooty mould develops on the 
leaves as a result of the secretion of sugary substan ces by the aphids. A. fabae is also a 
vector of bean common mosaic , yellow mosaic , and soybean mosaic viruses . 
Life Cycle 
It is very common to find bean aphids on pl ants all the year round in areas where 
climat ic conditions are favo urable for the ir development. Under such conditions they 
continue to reproduce parthenogenetically, produc ing many generations per year. 
However , in co lder areas sexual forms appear late in autumn and the eggs are laid on 
woody plants. The eggs hatch as soon as weather conditions become favo urable and 
parthenogenetic reproduction is res umed. 
Control Measures 
These are s imil ar to the measures used for the control o f pea aphids. 
Spider Mites 
Spider mites belong to the fami ly Tetranyc hidae of the order Acarina , class 
Arachnida . They are cosmopolitan in distribut ion and infes t a wide variety of plants . Many 
species exis t , of which the two-spotted spider mite Tetranychus urticae (Koch) is the most 
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common and widely di stributed.- The adult female mite is about 0.5 mm long and many 
range in colour from pale green to brown and orange. The male is smaller, about 0.35 mm 
long, with a narrower body and pointed abdomen. The body is ova l in shape, 
nonsegmented, and covered with spines. The two dark spots that give the mite its name are 
readily visible on the back . The larval stage has three pairs of legs , and subsequent stages 
have fo ur pa irs. The egg is spherical and pearly white in colour at first , changing to 
ye llowish orange with embryonic development. 
Host Plants 
T. urticae is a highl y polyphagous mite and attacks a wide variety of crops including 
beans , squash, eggplants , tomatoes, appl es, and many ornamental plants and weeds. 
Damage 
The leaves of plants in fes ted with two-spotted spider mite turn brown due to the 
suckling of the mites, gradua ll y die , and are shed . The female mites spin webs on the 
unders ides of leaves within which they lay their eggs. In heavi ly infested plants , mites are 
readily seen moving about in the web. 
Life Cycle 
Only the fertilized fe males of T. urticae overw inter in protected locations , usually on 
trees, the males having died immediately following copulation. In spring, the mites at first 
infest the weeds and then migrate to vegetables and fruit trees. The egg hatches into the 
larval stage, which has only three pairs of legs . The larva then passes through a res ting 
stage known as the nymphochrysal is and emerges as the protonymph with four pairs of 
legs. Again it passes through a resting stage, the deutochrysalis , and into the second active 
stage, the deutonymph. A third resting stage, known as the te leiochrysalis, follows, which 
cu lminates in the adult stage . The adult male and female copulate shortly after emerging 
and the female starts to lay eggs 2 days later. The larvae reach the adult stage in 6 days at 
22 °C and in 32 days at 10 °C. Therefore , several generations may be produced per year , 
and it is very common to see all stages of development on one plant. 
Control Measures 
The indi scriminate use of broad spectrum insecticides li ke DDT, which had no effect 
on mites and ki lled only their natural enemies, has resulted in a tremendous increase in 
mite populations. At present , mites are the most serious pes t on many crops all over the 
world . They have acquired resistance to many common ly used pestic ides and new 
chemicals have to be developed constantl y to keep abreast of the mite problem . Several 
specific acaricides are available on the market at present. In a study on the contro l of the 
two-spotted spider mite on apples, two acaricides proved to be very effective: they were 
Plictran , tricyc lohexyltin hydrox ide and Phosalone, a phosphorodithioate compound . 
Pea Leaf Weevil 
The pea leaf weevil Sitona lineata (L.) belongs to the fami ly Curculionidae of the 
order Coleoptera. The adult is a beetle measuring 4-5 mm long , dark in colour , and 
covered with a dense coat of short hairs. Dark- and light-coloured rows of hairs on the back 
of the beetle g ive it a striped appearance. The larvae are legless, whitish in colour , and bear 
brownish hairs on their bodies. The egg is oval in shape, yellowish white in colour when 
first la id , and darkens in colour as embryonic deve lopment proceeds. 
Host Plants 
The pea leaf weevil attacks many leguminous plants, including peas , beans , alfalfa, 
and clover. 
Damage 
The adult beetles feed on the host plants by chewing small crescent-shaped areas from 
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the leaves. The larvae feed on the nitrogen-fixing bacterial nodules and on the roots. 
Damage by this insect is most serious in newl y emerged seedlings , as the feeding of the 
beetles results in total destruction of the young leaves. 
Life Cycle 
S . lineata passes the winter in the adu lt stage. In early spring , when the temperature 
reaches about 15 °C, the adults start to appear and feed on the host plants. Copulation takes 
place in about 2 weeks , and the females lay their eggs on the soil below the plants . The 
incubation period of the eggs is considerably influenced by humidity and temperature . 
High relative humidity is very important for embryonic development. The newly hatched 
larvae crawl into the so il and feed on the nodules and the roots. The larval stage is 
completed in 3-4 weeks and pupation takes place in the soil , requiring I 0- 15 days for 
completion. Adults of the new generation start to appear in mid-Jul y but most emerge in 
August and September. 
Control Measures 
The adult beetles should be contro ll ed as soon as they appear on the young seedlings . 
Many of the contact organophosphorus insecticides are effective against this insect. 
Bean Fly 
The bean fly Malanagromyza phaseoli (Cog.) belongs to the family Agromyzidae of 
the order Diptera. The adult fl y is blackish in colour with red eyes and measures about 2.5 
mm long . The larvae are cream white in colour and reach a max imum length of 4 mm. The 
egg is pearly white and oval shaped . 
Host Plants 
Bean, soybeans, and a variety of weeds are the hosts of this fly. 
Damage 
The larva feeds by mining through the leaf and the petiole; it reaches the stem where it 
continues mov ing downward. Feeding of the larva introduces rot-causing microorganisms 
into the plant and these cause breakdown of tissues and consequent wilting of the plants. 
Life Cycle 
M . phaseo/i has several generations per year. The time required to complete one 
generation depends on temperature and ranges from 12 days in summer to 19-26 days in 
autumn. The adult lays its eggs in the tiss ues of the upper surface of bean leaves. The 
newly hatched larvae tunnel in the leaves and into the ste m where they continue feeding 
until they reach full size. Several larvae usually pupate toge ther in the stem. Attack by this 
insect is almost continuous on beans grown in the autumn . 
Control Measures 
Chemical control of M. phaseo/i is difficult to achieve as the larvae feed inside the 
plants. Soil treatment at planting time with granular sys temic insecticides , such as 
carbofuran, followed by foliar sprays with systemic insecticides, have proved effective in 
preventing early damage to plants. 
Pea Moth 
The pea moth Laspeyres ia nigricana (Stephens) belongs to the family Olethreutidae of 
the order Lepidoptera. The adult is a small and delicate moth measuring about 15 mm 
across the spread wings. The moths , wh ich are brown in colour with short black and white 
oblique lines along the front margin of the first pair of wings , are usually see n fl y ing about 
the plants in late afternoon . The larva is ye llowi sh white in colour and measures about 13 
115 
mm long . It has small dark spots and short hairs scattered over the body . The egg is white , 
fl attened , and minute. 
Host Plants 
The pea moth attacks field and garden peas , sweet peas, and ve tches . 
Damage 
The caterpillars attack the seeds inside the pods and their presence is not eas il y 
detected unless the pods are opened. The seeds are spoiled and the pods partially filled with 
excreta and the silken webs of the caterpillars. Often fungus may develop and spoil seeds 
that are not damaged by the worms. 
Life Cycle 
L. nigricana overwinters in the larval stage inside silken cocoons. These are usually 
fo und in the soil a short di stance below the surface. In late spri ng the larvae pupate and the 
adults appear as the peas start to blossom. Eggs are laid on the plants, and as soon as the 
tiny larvae emerge they eat thei r way into the pods without leaving noticeable holes . They 
stay in the pods unti l they become full grown, when they emerge to drop into the soil. 
There is usually only one generation per year. 
Control Measures 
Chemical control of this insect is difficult , as all the caterpi ll ars do not emerge from 
the eggs at the same time and they are protected inside the pods. Therefore , control 
measures should concentrate on the removal of crop remnants from the field , deep plowing 
in autumn to kill overwintering larvae , and planting of early maturing varieties . 
Corn Earworm 
The corn earworm He/iothis armigera (Hb .) is also known as the tobacco bud worm , 
tomato fruitworm , cotton boll worm, and vetchworm. It belongs to the family Noctuidae of 
the order Lepidoptera . The adult moth has a wingspan of about 40 mm , the front wings 
being light grayish brown with dark-gray irregular lines and with dark areas near their tips, 
while the hind wings are white with dark bands around the margins . The caterpillars vary in 
colour from light green to brow n or black and are marked with alternati ng longitudinal light 
and dark stripes. The head is yellow and the legs are dark or nearly black. A full-grown 
caterpillar reaches 40 mm long . The egg is hemispherical and longitudi nally striped. 
Host Plants 
The corn earworm is a high ly polyphagous pest attacking a wide variety of crops and 
weeds . It is most serious on corn , tomato , tobacco, cotton , and vetch . It also attacks 
chick-peas but infes tations are not normally serious . In a study conducted in the Beka ' a 
(Lebanon) , it was found that chick-peas planted in May and June were almost free of 
damage whereas those planted in March and April had about 6% infested pods. 
Damage 
The caterpillars feed on the fruits of infested plants and render them unmarketable. 
Life Cycle 
H. armigera overwinters in the pupal stage in the so il. The moths appear between 
mid- and late April , dependi ng on weather conditions, and copulation starts shortly 
afterward. The females lay their eggs on host plants and the young caterpill ars feed briefly 
on the leaves before boring into the fruits. In about 20-25 days , the larvae become full 
grown, leave the fruits, and drop to the soil to pupate. New moths appear in about 15 days 
and the insect thus has several generations per year . 
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Control Measures 
Chemical control of the caterpi ll ars is vital espec ially on crops that are heav il y 
attacked by this pest. A variety of contact organophosphate and carbamate insecticides may 
be used and early treatment is important. 
Pea Weevil 
The pea weevil Bruch us pisorum (Linne) belongs to the family Bruchidae of the order 
Coleoptera. The adult is a short oval-shaped beetle , about 4 mm long, brownish in colour 
with white and black patches and two small black spots at the tip of the abdomen . The larva 
is tiny, whitish to yellowish in colour , with a brown head . It has very short legs and spines 
on the body that help it in burrowi ng in the pod and seeds. The eggs are elongate and 
yellowish in colour . 
Host Plants 
Peas are the only plants attacked . 
Damage 
This insect feed s inside pea seeds in storage and renders them unfit for human or 
animal consumption. Green peas are also attacked , and infested seeds lose their viability , 
failing to produce a good stand when planted. 
Life Cycle 
B . pisorum overwinters in the adult stage either in stored peas or in crop remnants in 
the field. The weevils emerge when the plants are in blossom , feed on various parts of the 
plan t , and the females lay their eggs on the pods. The eggs hatch in about a week , and the 
tiny larva eat their way through the pod and into the seeds . Only one insect develops in 
each seed. The larva continues to feed inside the seed until it becomes full grown and 
pupates inside a g luey substance that it secretes. There is only one generation per year. The 
weevils do not reproduce in stored peas , as the female can only lay her eggs on growi ng 
plants . 
Control Measures 
Field infestations may be controlled with contac t organophosphate insectic ides 
applied to the plants during the early bloom period before the eggs are laid . Removal of 
plant remnants by plowing under or burning is very effective in controlling the 
overwi ntering weevils. Fumigation is used to control the insects infesting stored peas; 
camphor gave l 00% mortality in the weevils when applied as a fumi gant in airtight 
containers at concentrations of 12 , 24, 48, and 96 ppm . 
Broad Bean Weevil 
The broad bean weevil Bruchus rufimanus (Boheman) also belongs to the family 
Bruchidae of the order Coleoptera . The adult is similar to the pea weevil except that it is 
smaller in size and lacks the two black spots at the tip of the abdomen so conspicuous in the 
pea weevi l. Furthermore , the tooth near the apex of the femur is broader and more blunt 
than in the pea weevil. 
Host Plants 
Broad beans are the preferred host of this insect , but it also attacks peas and vetc hes. 
Damage 
Like the pea weevil, this insect continues its feeding inside stored seeds and renders 
them unfit for human or animal consumption. 
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Life Cycle 
B. rufimanus resembles the pea weevil in its habi ts and deve lopment. The onl y 
striking diffe rence is th at several insects infes t a sing le seed in contrast to th e pea weevil , 
where onl y one insect is fo und per seed. 
Control Measures 
These are similar to the measures used for contro lling pea weevils. 
Cutworms 
Cutworms include many spec ies of the fa mily Noctuidae , order Lepidoptera . An 
example is the greasy cutworm Agrotis ypsilon (Hufn. ) . The adult is a moth with narrow 
gray-brown front wings and hind wi ngs that are pearly white in co lour with dark ve ins and 
margins . It measures about 48 mm across the spread wings . The caterp illar is grayish in 
colour , greasy , and almost hai rless except for some very short spines. W hen fu ll grow n, 
the caterpill ar meas ures about 40-45 mm long . The egg is round and ribbed, white in 
colour at first , but changing to yellow with embryonic development. 
Host Plants 
Cu tworms are highl y polyphagous and attack a wide variety of plants including 
vegetables, cotton , corn , tobacco , and c lover . 
Damage 
Cutworms injure plants in several different ways; certain species kill the plant by 
cutting off the stems at the crown or at a short distance below the surface of the soil , 
moving about and damaging several plants at a time; other species remain in the soi l and 
feed mainly on the roots, and still others (the cli mbing type) crawl on plants and feed on the 
leaves , fruits , and buds. 
The caterpill ars of A. ypsi/on feed on the leaves of plants when they are young , but as 
they grow , they move to the soil and feed on stems, cutting them off and ki lling the plants. 
Life Cycle 
A. ypsi/011 overwinters in the soi l either in the larva l or pupal stage. In spring, the 
moths start to appear, and after a short period, the females lay their eggs on the leaves of 
host plants . The caterpillars emerge in 3- 12 days , depending on weather conditions , and 
feed on the host pl ant until they become fu ll grown, after which they pupate in the soil. One 
generat ion needs anywhere from 5 to I 0 weeks to be completed, and thus several 
ge nerations are produced per year. 
Control Measures 
Controlling cutworms, especially those that remain constantly in the soil , is not very 
easy. Furthermore, cyclodicides, which are effective against cutworms, are no longer 
recommended fo r use due to their long persistance . Soil-applied insect icides of the 
carbamate group are used at present in applications , either at planting time or shortly after 
seed germ ination. 
Mole Cricket 
The mole cricket Cry/Iota /pa grylloralpa (L.) belongs to the family Gryllotalpidae of 
the order Orthoptera. The adult is a weird- looking dark-brownish insect about 45-50 mm 
long . It has short semimembranous wings and a pair of long and jointed cerci extending 
from the tip of the abdomen . Its first pair of legs are short, stout, flattened, and specially 
adapted for digging. The egg is ovoid and white in colour. 
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Host Plants 
Mole crickets attac k a wide var iety of crops including legumes , crucifers, potato , 
corn, tobacco, and cotton. 
Damage 
Mole crickets are especi ally damagin g to seedlings and young plants. The insect lives 
in the soil killing the plants by feeding on the roots and underground parts. Its presence can 
be eas il y noticed by the zig-zag cracks it leaves in the so il as it moves just be low the 
surface. The in sect feeds on several pl ants at a time and thus can cause ex tensive damage. 
It is specially abundant in soil s rich with animal manure . 
Life Cycle 
G. gryllotalpa overwinters in the nymphal or adult stages in the soil. In spring , it 
res umes its activity and development. After copulation, the fema le lays its eggs in a special 
chamber formed in the soil. Shortly after emerging, the nymphs start feeding on plants and 
causing damage, which increases as the insect grows o lder. 
Control Measures 
The best method of controlling mole crickets is by the use of poison baits applied to 
the soi l where the zig-zag cracks are vis ible . As the insec t feeds at night , the bait should be 
spread earl y in the eve ning, preferably after irrigation. The bait consists of an insecticide 
mi xed with wheat bran and small quantiti es of molasses and water. BHC, chlordane , and 
carbaryl are equally effective against thi s insect. However, carbaryl is preferred to the 
other two because it is less persistent in the environment. In a study on the control of mole 
crickets infecting corn , BHC containing 2.6% of the gamma isomer and 5% Carbary I dust 
each mixed with wheat bran in the ratio of I :5 and 50% WP Chlordane at the ratio of I :20 
has proved very effective in controlling these crickets when appli ed a few days after 
pl an ting. In heavil y infested areas a seco nd treatment , appl ied I 0 days later , is required . 
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Insect Pests of Chick-pea and Lentils in the Countries 
of the Eastern Mediterranean: A Review 
G. Hariri 
Department of Pla111 Protection, Faculty of Agriculture. University of Aleppo, Aleppo, Syria 
This review covers the major insect pests of chick-pea (Cicer arietinum) and lentil 
(Lens culinaris) found in Cyprus, Iran, Iraq , Jordan , Lebanon , Syria, and Turkey . In these 
countries, lentils and chick-peas are grown under rainfed or partly irrigated regimes and 
form an important part of agricultural production . Both crops are attacked in the field and 
in store by a large number of insects . Some of these pests are considered to be present 
regularly , whereas others are sporadic in occurrence. Few are regarded as important 
agricultural pests , although damage may be severe in some cases. 
Aphids 
(Order Hemiptera; suborder Homoptera; family Aphididae) 
Aphid species are generally of lesser importance in the eastern Mediterranean than in 
Europe and are rarely considered to be major pests of either lentil or chick-pea . Damage 
results from the insects sucking plant sap from the leaves, stems , flowers, and pods , 
feeding from the flowers and pods causing the greatest injury. In addition to this direct 
damage, further injury may be caused both by the honeydew secretion of the insects , which 
may interfere with photosynthesis and pollination , and the aphids' virus transmiss ion 
capabilities. 
Aphis craccivora and Acyrthosiphon pisum are the two species of economic 
importance attacking lentil and chick-pea respectively. They are cosmopolitan in 
di str ibution and whereas A. craccivora infests several widely differing plant genera, A. 
pisum is restricted to leguminous plants . Aphid infestations in the region normally occur 
between late April and May and can cause severe problems of virus infection in the 
attacked plants. 
A survey carried out in Iran has shown that almost all the viruses infecting 
leguminous crops are aphid transmitted, A. craccivora and A. pis um figuring among the 
major vectors. These aphids, together with A. sesbaniae, have been shown to be the major 
aphid vectors of alfalfa mosaic virus (AMY), bean yellow mosaic virus (BYMV), 
cucumber mosaic virus (CMV), and pea leaf roll virus (PLRV), all of which cause 
considerable damage to legume crops. In Australia, A. craccivora has also been found to 
transmit subterranean clover stunt virus; and a similar virus causing stunting of chick-peas 
in India has also been transmitted by this insect in laboratory tests. 
The control of aphids through the use of chemicals appears at present to be largely 
uneconomic, and thus the development of virus-resistant lines of chick-pea and lentil 
seems to afford the best means of minimizing plant injury and yield loss . In addition to 
these methods , biological control mechanisms may also be evolved using such parasitic 
and predatory insects as Trioxys angelica; Lysiphlebus fa bar um and other Lysiphlebus spp. 
(parasit ic wasps); Coccinel/a 7-punctata L. and Adalia spp . (ladybirds); and Adonia 
variegata , all of which have been found attacking aphid species. 
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Moths 
(Order Lepidoptera; suborder Ditrys ia ; fami ly Noctuidae) 
The insects of this family are considered to be the most damaging pes ts of fi eld crops 
in the eastern Mediterranean. They are polyphagous (capable of raising several generations 
per year), and some spec ies even migrate between countries in the region. 
Lentil s and chick-peas are infes ted by several spec ies of this important family, the 
most significant of these being; the lesser arm y worm (Spodoptera exigua ); the winter 
cutworm (Ag rotis segetum) and the black cutworm (A. ipsilon ); the chick-pea pod worm 
(Helioth is annigera) and other Heliothis spp ., such as H . peltigera, H . 11ubigera, and H . 
virip/aca; the watermelon looper (Trichop /usia 11i ); and the silvery moth (Plusia gamma) . 
Of these, the chickpea podworm , the cutworms, and the lesser armyworm are the most 
important and regular pes ts. 
The chick-pea pod worm (Heliothis armigera) is an old world species and is variously 
also call ed the African or American cotton boll worm or the tomato fruitworm, depending 
upon its location and host pl ants. The economic damage is caused exclu sively by the 
larvae, which when young feed on the flowers and in the later stages of the ir growth on the 
develop ing fruit s. Chick-peas, beans, and peas are affec ted as well as a wide range of other 
crops including cotton , tobacco, tomato, green pepper , maize , sorghum , and groundnut. 
The appearance of ad ult moths in the crop depends largely upon the climate and geographic 
location of the country concerned , which govern the emergence of the adults from the 
pupal phase in the soil. Ad ults are usua lly observed from April onward but in mild winters 
they have been seen as early as the end of February. This is the case in Syria , Northern 
Iran , Northern Iraq, Turkey, and Eastern Europe where the insect overwinters in the pupal 
stage, but in other areas, where the insect passes the winter as an adult, emergence varies 
considerably. 
In West Bengal, where H . armigera is a serious pest of chick-pea, it has been fo und 
that the degree of infestation and resultant yield loss increases proportionately to the delay 
in sow ing . This is mainly because earl y sow n crops are pas t the critical fl owering stage , to 
which infestation is large ly restricted , by the time the adult moths have appeared. In 
support of this it has been shown that lines of chick-pea res istant to frost and drought , and 
thus able to be sown earlier than normal varieties , have proven significantl y less 
susceptible to attacks of H . armigera . In view of the short period during which oviposition 
takes place, it has bee n sugges ted that inseminated females are attracted to the flowers by 
suitable physiolog ical cues. The identification of these cues could assist in the breeding of 
resistant varieties . 
Other species of Heliothis have also bee n observed infes ting chick-pea plants in the 
region . These include H . peltigera, which attacks several crops in Iraq . 
Of the cutworms , Agroris ipsilon is a cosmopolitan spec ies, whereas A. segetum is 
confined to the o ld world . Both are vorac ious feeders on a wide range of cultivated and 
wild plants, but A. ipsi/011 is considered to be the most injurious to crop pl ants. Although 
all the larvae cause inj ury to plants, the last instar lar vae result in the most significant 
damage, as they live in the soil and attack the pl ants at their crowns , cutting them off 
completely. One larva may destroy a large number of pl ants in thi s way . 
A. ipsi/011 causes considerable crop injury in the a utumn and spring months, but is 
usuall y scarce in the summer, having generally only three to four generations per year . 
However , in Syria and Lebanon the insect may have as many as six generations and can 
thus cause appreciably more damage. A. ipsi/011 attacks a number of cereal crops, but 
within the Leguminoseae is primari ly a pes t of lentil s. A . segetum is a lso a pest of both 
winter and summer crops, having from three to fo ur generations per year and causing 
serious damage to maize and cotton as well as to chick-peas. 
Spodoptera exigua, the lesser armyworm , is both cos mopolitan and polyphagous, 
feeding as it does on a wide range of crop plants that include the grasses, legumes , cotton , 
beet , and potato. It is one of the major pes ts of fie ld crops in the Eastern Mediterranean 
region . 
The number of generations ra ised per year varies with location but has been estimated 
as five in Syria and six in the Karaj area of Iran . The second and third generations are 
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probably the most damaging , starting in May and contin uing through until June or July . 
The larvae rest in the soi l during the day and at night feed on the plant leaves; the young 
larvae destroy the leaf laminae , leaving a fine network of veins, whereas the o lder ones 
consume the whole leaves. In a serious attack, the larvae move in large masses (hence the 
name " armyworm") and may destroy all the vegetation in a field . 
Several other Noctuid pests also cause economic damage under certain conditions. 
The pyralid legume pod moth (Elie/la zinckenella) is an insect cosmopolitan in 
distribution , but confined to legumi nous plants in its host range. The larvae feed upon the 
soft seeds in the pods , and in the case of small seeds a single Jarva may consume several 
pods. In one study in the Punjab area of India , 12-15 % of lentil pods were found to be 
infested by this pest. 
P. gamma and T. ni are both polyphagous insects feedi ng on a range of hosts , among 
which chick-peas and lentils are particularly important. The damage is caused by the 
larvae, which feed upon the leaves of the host and may be severe in some years, especially 
in the spring months. 
Weevils 
(Order Coleoptera; suborder Polyphaga; family Cucujoidea) 
In the eastern Mediterranean countries leguminous plants are infested by many species 
of the genus Sitona. The most common and economically important members of this group 
include S. lividepes, S . hispidulus , S. crinitus, S. li11 ea1us , and S. limosus. 
In general, in the Mediterranean area , adults of Sitona aestivate in the soi l during the 
summer, and the termination of diapause takes place in the winter, in contrast to their 
behaviour in colder climates, where the adu lts hibernate over the winter and become active 
in the sum mer months. Thus, in eastern Turkey, S. crinirus resumes its activity in Apri l, 
whereas in the southern Mediterranean it becomes active in November-December. In all 
areas the insect only has one generation per year. The ad ults cause damage, especially to 
young plants, as a resu lt of their feeding on the leaves and the larvae also injure the plants 
by attacking the root nodules . 
S. crinitus has been recorded feeding on lentil , chick-pea, and vetch in northeast Syria 
and, in add ition to these, on lucerne in Turkey. It is perhaps one of the most sign ifi cant 
weevil pests attack ing legume crops. S. /ineatus is , however , the si ngle-most important 
leguminous weevil pest , attacking peas , broad beans, and vetches voracio usly . Feeding 
tests have shown that in the absence of legumes this insect will attack a large number of 
other plants , mostly of the Rosidae and the Hammelidae, but that if legumes are present it 
will feed exclusively upon them. 
In addit ion to the Sirona weevils. Hypera postica (the alfalfa weevil) has also been 
observed infesting lentils in Syria, and Apion spp., such as A. arrogans , A. aesrivum , and 
A. senicu/us, have been recorded feeding on the ovules, buds, and young seeds of vetch, 
broad bean, alfalfa , and clover in countries of the southeastern Mediterranean. 
Seed Beetles 
(Order Coleoptera; suborder Polyphaga; family Bruchidae) 
Bruchid beetles attack legume seeds almost exclusively and many species are serious 
pests of stored lentils and chick-peas . The most important species found in the east 
Mediterranean include: Brucl1Us ervi, B. lentis, B . emarginarus, B. signaticornis, B. 
pisorum , Cal/osobruchus chinensis, C. maculatus , C. analis, Acanthosce/ides obtectus, 
and Spermophagous sericeus. 
Of these pests , B. lentis , B. en •i, and B. signaticornis may cause infestations of up to 
80% of lentil seeds in Syria, Turkey , Iran, and other neighbouring cou ntries. These species 
raise only one generation per year. Infestations start in the field , but larval development , 
pupation, and adul t emergence take place in the stored seed , the females being incapable of 
laying eggs on dry seed. 
122 
Other seed bee tl es o f the ge nus Cal/osobruchus raise severa l genera tions per year and 
can thus be considerably more destructi ve. C. chines is and C. maculatus, for exam ple, 
have six and e ight generatio ns per year, respecti vely, and ca use very heavy infes tations of 
lent il and chic k-pea seeds . 
It has been fo und th at rearing of c. 1/1(/Cl/ /a tus at low te mperatures ( 15-1 8 °C) resulted 
in fewe r eggs and a steady decline in insec t popul atio n over time, with no noticeable 
acc limatization . This po ints the way fo r the de ve lo pment of practi cal con trol meas ures 
a lo ng these lines. Studies on the res istance o f chick-peas to attack by seed bee tl es has 
shown that varieties with rough-tex tured or spiny seed coats appear to ac t as deterrants to 
ov ipos ition by species o f Cal/osobruchus and are thus less heav ily attacked than 
smooth-coated variet ies. It has also bee n fo und that , due to the presence of a heat 
lab ile- trypsin inhibitor and a di etary defic iency of c ho les tero l, le nt il is an unsuitable hos t 
fo r the knapra beetle, Trogoderma granarium . Further s tudies o f this res istance might also 
be profi table in cont ro lling damage by other seed bee tl e spec ies . 
Agromyzid Flies 
(Order Diptera; suborder Cyclorrhapha ; fami ly Agromyzidae) 
The tiny larvae o f these fli es mine through the leaves o f leguminous plants, fe eding on 
the mesophy ll and leaving transparent trail s . Chic k-peas are infes ted princ ipall y by 
Liriomyza cicerina, and severe damage may be caused whe n the de nsity of the larvae 
exceeds 50 per pl ant. The life hi story of thi s insect was studi ed near Izmir in Turkey and it 
was discovered to have two generatio ns per year and to overwinter in the pupal stage . Upon 
e mergence in la te April , the fe male depos its her eggs in the leaf ti ssue, lay ing one in each 
puncture and one to three eggs in each leaf . The larvae mine througho ut the leaves and then 
pupate in the soil. In Syria some larvae have also been fo und to pupate inside the gallery 
and thi s indicates that infes tations are also caused by larvae of the spec ies Phytomyza 
atricornis. 
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Some Insect Pests of Leguminous Crops 
in Syria 
Ara A. Kemkemian 
Entomology Program , /CA RDA, Aleppo, Syria 
Preliminary observations on the infestation of legume crops by vari ous insect pests at 
the !CARDA site at Tel Hadia near Aleppo in northern Syria over the bulk of the 1978 
grow ing season (February to April 1978) has enab led the fo ll owing partial list of insect 
pests of econom ic importance to legumes in the area to be drawn up. This li st is of 
necess ity incomplete, but future observations and inves tigations over several growing 
seasons will enable a more exhaustive tabulation to be completed. 
Leaf Weevils (Sitona spp.) 
Adults of Sirona sp. have been observed infesting lentil s and broad beans from the 
first week of February. Percentages of infestation varied between plots from 12 to 62%. 
Pre liminary results of tests on 544 entries of lenti ls indi cate no correlation between 
infestat ion and leafl et size or plant variety. There also appears to be little, if any , relation 
between date of planting, plant spacing, or crop density and percentage o f infestation. 
Leaf Midges (Contarina spp.) 
Damage symptoms, res ulting from larvae attacking the upper leaves, were observed 
during the first week of March on lentils, broad beans, and other Vicia spec ies. 
Approximate percentages of infes tation, calculated on the 1-5 grading system , varied from 
JO to 40% in lentil s to 80-90% in broad beans. In the latter case infestation was 
particularly high in late-sown var ieties due to the emergence peak of the insect's second 
generation coinciding with the crop 's young and more susceptible stage. Damage up to 
80% was also observed on Vicia narbonensis , a forage legume. 
Leaf Miners (Phytomyza spp.) 
The larvae of this insect were observed mining through the leaves of pea plants in 
mid-March . Percentages of infes tation varied from 15 to 30% upon the emergence of the 
second generation insects. Mining by another Agromyzid spec ies was observed on 
chick-peas, caus ing leaf damage of up to 50%. 
Seed Weevils (Apion spp.) 
Damage became obvious in mid-March and adults of the species could be seen on the 
leaves of lentils, whi le the larvae infested the floral parts. Infes tations recorded varied from 
10 to 75%. 
Aphids 
Aphids were first observed on broad beans, lentil s, peas , and medics in the second 
half of March , and thereafter the population built up continuously, as many as 300 insects 
per plant be ing recorded. 
124 
Pod Borers (Heliothis spp.) 
Adult moths were ev ident in the field by the end of March , but larvae boring into the 
chick-pea pods were not observed until the second week of April. Larval counts of up to 50 
per mm 2 were recorded , and infestation ra nged from 4 to 21 %. Varietal differences in the 
level of infestat ion were evident. 
Pea Moths (Lasperesia spp.) 
Pea pods containing larvae of this insect were discovered during the first week of 
April. Pod damage varied between plots and was as high as 98 % in one plot with 73% of 
the seeds infested , and on ly 48% in another where seed infestation was as low as 19%. 
Th rips 
These insects have been observed mostly in broad bean flowers, and counts as high as 
I 0 th rips per blossom were recorded. Hypera and Linux spec ies were also observed but 
have shown no economic damage to date. 
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The Biology and Control of Orobanche: 
A Review 
A. R. Saghir and F. Dastgheib 
Faculty of Agricultural Sciences, American University of Beirut , Beirut, Lebanon 
Orobanche species, commonly known as broomrapes , are important root parasites of 
many groups of broad-leaved plants, especially of the Leguminoseae and Solanaceae. They 
are very widespread throughout the semi-arid regions of the world and are common in 
Eastern Europe , the Mediterranean basin, the Middle East, Asia, and parts of Russia . In the 
USA , Orobanche spp. have been observed in California, Kentucky, and Louisiana. More 
than 140 species are reported to parasitize different crops and wild plants . In the 
Mediterranean reg ion, two major species, namely 0. ramosa and 0. crenata, prevail and 
cause considerable yield losses in tomato , potato , tobacco , sunflower, and broad bean, 
amongst other crops. 
Characteristics of the Genus Orobanche 
Occurrence and Host Range 
All members of the family Orobanchaceae lack ch lorophyll and are obligate parasites. 
Their distribution is wide, encompassing many different environments; however , they 
thrive best under typical Mediterranean conditions of wet winter and spring, fo ll owed by 
dry summer and fa ll. It appears that broomrapes are not found in tropical rain forests, 
which may be because they require a dry and windy atmosphere for seed dissemination. 
The host range varies with species of Orobanche: 28 crop and ornamental species 
grown in California and more than 20 weed spec ies have been reported as hosts for 0. 
ramosa (branched broomrape). It appears that in the absence of a suitable crop host or after 
its harvest , the parasite survives and increases through infestation of weed hosts . 
Orobanche , however , has not been reported as infesting monocotyledons, ferns, or 
gymnosperms . 
In the case of legume crops, 0 . aegyptiaca, 0 . crenara , 0 . lutea , and 0 . minor are 
considered to be serious . Although 0. ramosa is not listed here , it has been shown to 
parasitize broad bean plants when grown in greenhouse pots and in Egypt complete yie ld 
loss has been found to occur in heavily infes ted broad beans. 
Some plants that are not themselves parasitized by Orobanche are known to be ab le to 
stimulate the germination of its seeds. These so called trap crops include Capsirnm annum, 
Tridax procumbens, and Bidens pilosa. 
Life Cycle and Growth Habit 
Orobanche is an annual and its life cyc le consists of two phases: firstly the induction 
of seed germination and the formation of an unconnected seedling ; and secondly the 
attachment of thi s seedling to the host and the commencement of true parasitism. The latter 
part of thi s cycle can further be divided into two stages: the hypogeal stage, lasting for 
45-50 days , during which the vegetative subterranean organs develop and food material is 
removed from the host and accumu lated in the parasite; and the epigeal stage, in which the 
vegetative organs grow rapidly and produce reproductive organs above the ground. This 
lasts for about 30 days. 
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Seed Size and Dormancy 
In general, Orobanche seeds are very minute and produ ced in abundance. They 
measure approximately 0.3 x 0.2 mm and it has been reported that one plant o f branched 
broom rape can produce 5000 or more seeds . 0. picridis , moreover , is known to be able to 
produce 94 000-11 6 000 seeds with a 1000 seed we ight of0 .0029 g. 
The seeds of 0. ramosa are oval in shape with a narro w micropylar and a wide 
chalazal end . The seed coat cons ists o f sclerifi ed cell s and has a re ti culate pattern and 
encloses a mass of e ndosperm cell s in whic h is embedded an undifferentiated embryo. 
Orobanche seeds undergo a period of dormancy and may need from 18 mo nths to 2 
years of storage fo r the after-ripe ning processes to take place . After thi s the seeds can 
remain viable in the soil fo r at least 12 years. 
Germination 
In 1823 it was fi rs t show n th at broomrape seeds germinate only in the immedi ate 
vic inity of a hos t root. Subseque ntly a dry res idue that could stimul ate seed germination 
when redi ssolved in water was obta ined from the roots of a host. It was shown that no 
spo ntaneous germination could occur in 0. crenata in the absence of s uch a stimul ato ry 
substance. It appears that the che mical stimulant secre ted by the host roots can cause 
germinatio n of seeds up to a di stance of I c m from the roo t , but that only seeds within 2 or 
3 mm of the root can ac tuall y infes t the host . 
In studi es of the effect o f roo t ex udates from several crops it was fo und that seedlings 
of linseed, maize, and sorghum , whi ch are not paras iti zed by 0 . minor , had a better 
sti mulating e ffec t on its germinati on than those of c lover , which is a normal host. Linseed 
had the bes t stimul atory effec t and paper strip chromatography of its root diffusate has 
shown the stimulatory flui d to consist of more than one substance . This fluid has a reducing 
power and , o n the bas is of its relative stab ility in weak ly ac idic soluti ons and instability in 
alkaline soluti ons, it has bee n s ugges ted that the stimul ant contains an ac idic or pote nt ia lly 
acidic lacto ne group , poss ibly similar to "strigol, " the germination stimulant for Striga 
hermo111hica ex trac ted fro m the roo ts of cotton . However , tes ts o n a variety of synthetic 
compounds have show n that organic ac ids, sugars, amino acid s, vitamins, and lac tones 
have no stimu latory ac ti vity. 
Orobanche seeds need to undergo some metabo lic c hanges before germination a nd it 
has been fo und that g ibberellic ac id can ac t as a s timulus to these changes. Thi s may be 
because the do rmant seed conta ins a low co ntent of e ndogenous gibbe rellins and , as a 
result. responds well to an exogeno us source. 
Te mperatures of between 20 and 25 °C generall y fav o ur the germination of the 
parasite; at a temperature o f 25 °C, 0. cre11ata has been shown to cause considerably 
greater damage to broad beans than at 15 °C. There are contradictory reports abo ut the 
effect of li ght on Orobanche germinati on; studi es o n some spec ies have indicated th at li ght 
may promote germinat ion whereas with others the o ppos ite seems to be the case . 
Soi l conditions also appear to have some influence on the germinati on and subsequent 
growth of the broo mrapes . Alkalinit y tends to inac ti va te the germinatio n stimulant rather 
rapid ly ; the degree of in fes tation and timin g of the first appearance of the parasite seem to 
vary with soil type; and the paras ite is more troublesome in so il s low in fertility. 
Ferti lization , espec ia ll y with K and P20 5 , may decrease infes tatio n by promoting early 
matur ity. 
Early Development and Anatomy 
T he early developme nt of the paras ite seedling and the es tabli shment o f phys io log ical 
contac t with the host is a relati ve ly compl ex process, cons iderabl y influenced by the host 
itself through its root ex udates . Stimul atio n o f the seed by these chemicals causes cell s o f 
the rad ic ul ar po le to ex pa nd , poss ibly witho ut mito tic divis ion , burst th rough the tes ta, and 
grow toward the host roo t. The rad ic le penetrates the hos t root , without caus ing it much 
injury , passes through the epidermis and cortex, and , o n reaching the stele, fo rm s a 
channel fo r the transfer of food materi als . The main part o f this food channel , or 
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haus torium, is composed of undifferentiated parenchyma. There is no phloem tissue , and 
the xy lem, in contrast to other parasites, consists on ly of tracheids and may be present as 
irregular strands. Studies of 0. ramosa have established the xylem elements and the 
undifferentiated parenchyma of the host and parasite to be conti nuous in the haustorium , 
but no phloem continuity with the host has been observed . 
While this haustorial development is proceeding, the ex ternal parts of the parasite, 
slender worm-like rootlets consist ing of an epidermis, cortex, and xy lem vessels and 
without root caps or hairs, are being formed . Secondary haustori a develop upon contact 
between these roots and the roots of the host. The functi on of these secondary attachments 
is more likely to be storage rather than physical support or stab ility. 
Cross sections of young Orobanche shoots have revealed xy lem and phloem elements 
and a large number of starch grains. No starch grains were eviden t, however , in mature 
shoots . The Orobanche bract consists of an epidermal layer with trichomes, a spongy 
mesophyll, and vascular strands, but no palisade cell s. The bract cell s have been fo und 
through electron microscopy to be composed of large vacuoles containing a tannin-like 
substance, an endoplasmic re ticulum mitochondria , and a nucleus. No chloroplasts have 
been identified in these ce ll s. 
Morphology and Seed Production 
Orobanche spp . have erect, branched or unbranched, aeria l flowering shoots 
completely devo id of chlorophyll. The leaves, which have stomata, are reduced to scales 
and are alternate in arrangement. The shoots may be smooth or hairy and they bear the 
zygomorphic and bisexual tubular flowers in spikes. These fl owers have a 4-5-lobed calyx 
and corolla, are two- lipped, and range in colour from white to fai nt yellow and from violet 
to blue. These characteristics imply that insects play an important ro le in pollination and 
this is indeed the case, with wind playing little or no role in the process. The four stamens, 
which are of two different lengths, are attached to the upper lip of the petals as are the two 
chambered anthers , which usuall y have spurs des igned to cover pollinating insects with 
pollen. The floral morphology implies adaptation to a specific type of honey or bumblebee 
and indeed the outer epidermis of the calyx and corolla is covered with stalked glands that 
may serve to prevent ants and other insects entering the flower, thereby reserving the nectar 
fo r the effective pollinators . Cross-pollination is presumably a usual feature of the 
Orobanchaceae, but parthogenesis has been reported to occur in 0. unijlora. 
The seeds are produced in capsules that dehisce in to two halves from the top. 
Dissem ination can be mechan ical, through handling, by surface water, carrying seeds 
below the soil into the rhizosphere of the hosts; or by means of the wind, which is 
fac ilitated by cavities in the seed tes ta and by the fact that after the death of the plant the 
pedicels remain stiff so that the fruits vibrate in the air like pepperpots. 
Chemistry and Physiology 
It had been reported that traces of chlorophyll were observable in some spec ies of 
Orobanche, but more recent studies on the pigment system of 0 . hederae have revealed 
on ly negligible amounts, if any, of this pigment in chrom atographic separations. 14C02 
fixation was also shown to be very low in Orobanche under ei ther light or dark conditions. 
However, large amounts of carotenoids, identified as fl avochrome, neoxanthin , and 
flavoxanthin, have bee n found in Orobanche ex tracts, together with low concentrations of 
B carotenes. Further studies of ace tone extracts of 0. ramosa shoots with a scanning 
spectrophotometer have produced absorption spectra different from chlorophyll a orb, 
which reinforces the suggestion that pigments other than chlorophy ll are found in this 
parasite. 
By using radiolabeled mater ials, it has been found that material s can move easi ly from 
host to parasite in the light , but that translocation of materials from host to paras ite in the 
dark or from parasite to host in general is negligible (Fig. I ). This is considered as furth er 
evidence of the heterotrophic nature of the Orobanche spec ies. Translocation across the 
haustorium appears to be apoplastic , whereas that within the shoot is symplastic. A very 
rapid rate of transport of sugars, herbic ides, and water between the root of broad bean and 
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Fig. I. Tomato exposed to '"C0 2 shows that radio/a bled materials could move easily from the host to 
the parasite (a), whereas no translocation occurred from the parasite to the host when Orobanche was 
exposed to '"C02 (b). 
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0. crenara has been noted ; and the rate of translocation of 2,4-D applied to the fo li age of 
bean plants to the Oroha nche parasitiz ing it was fo und to be si milar to that of sugar 
translocation. The herb ic ide accumulated in the Orohanche ti ssue up to a maximum 
concentration of 14 times th at in the bean root at 125 hours after application and thereafter 
the concentratio n declined . 
Reports concerning the transfer of plant hormones in the host-paras ite re lati onship are 
confl ict ing . Flowering was obtained in 0 . minor parasitizing red clover whe n the host was 
exposed to a long-day treatment , but not under short-day conditions, indicating the 
likelihood of a transfer of a specific host-flowering hormone or its precursor to the parasite. 
However, it was also found possible to induce several spec ies of Orobanche to flower on 
hosts st ill in the ir vegetative stage. A partial answer to this anomaly has been provided by 
further studies that have shown that Orobanche is incapable of synthesizing all the 
necessary growth substances by itself a nd so mu st obtain some but not all of these 
hormones from its hos t. 
Effects of Orobanche on the Host 
Growth and Yield 
Infestations of Orobanche may cause severe yie ld losses to their different host crops. 
In general, yield reduction is related to the number of parasites per host plant and the 
earliness of attack. Losses in sunflower due to infestations of 0. cernua and 0. ramosa 
have been reported as ranging from 15 to 34% . 0. crenata infestations in broad beans have 
resulted in total crop loss under some cond itio ns. 
Water and Minerals 
Transpiration in Orobanche is extremely hi gh , especially from the scale leaves , where 
the effective rate may be 35 % greater than from the stems or flowers. The act ive excretion 
of water from the glandular hairs (hydathodes) rather than from the small and 
nonfunctional stomata has been shown to be responsible for this major withdrawal of water 
from the host and the consequent injury inflicted upon it. This injury , it has been 
emphasized, results more from the decreased ability of the carbohydrate-starved host roots 
to absorb water from the soil than from the ex traction of water by the parasite per se. 
Moreover , studies have shown that the osmotic pressure of 0. crenata , whi le being greater 
than that of its bean host roots, is less than that of the shoots, imply ing that water is not 
removed from the shoots but is diverted direct ly from the roots of the host. 
Broomrape parasitism causes considerable changes in the host ' s mineral content. 
Percentages of nitrogen and potassium were reduced in beans infested by 0. crenara, but 
no changes in the phosphorus and calcium contents were observed. A comparison of the 
shoots of the host and the parasite , however , in this case, revealed the parasi te to contain 
higher conte nts of phosphorus and potassium and lower contents of nitrogen and calcium 
than its host. 
Metabolites 
Orobanche infestation has been found to significantly reduce the starch content per 
gram dry weight of the host , which results from the parasite ' s dependence on the host 's 
intermediates for its starch synthesis; and to increase the level of phosphorulase activity in 
the host, which provides an increased supply of readily diffusable carbohydrates for the 
parasite. Infestation of Petunia hybida and Nicoriana rabacum by 0. aegytiaca also 
resulted in a 35-70% reduction in the hosts ' C:N ratio. No marked changes have been 
found in the net assim il ation rate of tomato as a result of broomrape infestation, and it has 
thus been proposed that the internal factors controlling this , namely photosynthesi s and 
protein synthesis, are not affected by the parasitism . 
Control Methods 
It appears that , as yet, there is no cons istent and economical method for controlling 
Orobanche. However , there are some practices th at might prove helpful in reducing or 
even erad icating thi s harmful pest. 
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Mechanical 
Control is achieved through the regu lar cutting of th e e merged spik es of the plant s . 
Red ucti ons in infes ta tio n of 85 % after 2 years and 96% aft er 4 years have been achi eved as 
a result of week ly hand pulling. Remova l of the pl ants shou ld be carried out before full 
fl ower deve lopment and collected materia l should be burnt to ens ure that seeds are not 
dispersed during pulling or left to deve lop on the detached shoots. 
Biological 
Fusarium orobanches has been fo und to be effec ti ve in des troyi ng 0. ra111osa in 
tobacco before the emergence of the shoots and fi e ld tria ls have shown that Orobanche in 
watermelons can be controll ed by the applicati on of the fungu s ex tract "product F" with 
the seed, fo llowed by irriga tion. The tox icity of thi s ex trac t las ted 80 days and was found to 
be effect ive against both seeds and seed lings of th e paras ite. 
The mining fl y Phv romrza orobanchia is reported to cause considerable damage to 
both 0 . cumana and 0. rnmosa . Approxim atel y 500- 1000 insec ts per hectare are 
suffi c ient to kill more than 50% of th e broomrapes and pre vent the remai nder from setting 
seed. 
Livestock have been found to co ntribute to co ntrol by feeding on 0. cemua a nd 0. 
minor shoots. However, viab le seeds are excreted with the feces and thus improper 
management may result in di sseminat io n rather than control by thi s means . 
Cultural 
Although pot experiments have show n that drying he lped to kill seeds of 0. ra111osa, 
un satisfactory cont ro l of the paras ite was obtained in dried soil during a summer fa ll ow. 
However , parasiti sm of 0. aegvpriaca is know n to be reduced under conditions of 
insufficient so il mo isture. Deep pl owi ng of th e so il to a de pth o f 40-50 cm has also been 
fo und to be he lpful in reducing Orobanche infestat io n . 
Increas ing the soil ferti lity seems to be an effect ive way of cont ro lling some spec ies 
(e.g .. 0 . minor ) and appli cations of nitrogen, phosphorus , and potass ium have been fo und 
to red uce infesta ti on by 33-50%, giving a co rrespond ing yield in crease in var ious crops , 
whereas 250-500 kg /ha dressings of superphosphate have been reported to give partial 
contro l of this parasi te in c lover . 
However , o th er reports indicate that the use of dry fa ll ows, vario us rotations , heavy 
manuring, lowering of so il pH , pl an ting in deep furrows , and deep plo ughing have a ll been 
fo und large ly ineffect ive as cont ro l mechani sms. 
Trap crops may also be used in ro tations to minimize infes tations. Good contro l has 
been achi eved through ploughing under a crop of S inapis alba at its fl owering stage. and by 
incorporat ion of dried sunflower meal into the soil prior to pl anting or transplanting the 
host crop. However . trap crops may not be an e ffi c ien t method of cont ro l because relatively 
few of the Orobanche seeds present in the infested field are suffi cientl y c lose to the trap 
crop roo ts to be stimulated into germin ation. 
Crop immunity is co nsidered to be the best method fo r the contro l of broomrape. In 
the case of sunflower, Eas tern Europe and the USSR have been us ing res istant c ul ti vars fo r 
the last 30-40 years. The deve lopment of res is tance in leg umes is less advanced , but in 
certain studi es of resistance to 0 . crenata in broad beans, resis tant ge nes tended to be 
dominant to suscepti ble ones , and su sceptibility to in fes tation was pos itive ly correlated to 
bean seed we ight (e.g . , var ie ti es with larger seeds were fo und to be more susceptible). 
For maximum control of Orobanche it has been recommended that an integra ted 
program of control involv ing both cult ura l and bi ologica l mechani sms be used. 
Chemical 
Jn vitro Studies - Tests of 237 herbicides over a range o f concentrations showed that 
most of these chemicals were ineffective in inhibiting th e germinat ion of seeds of 0. 
aegypriaca. There were . however , severa l notab le exceptions : the phenoxy compounds, 
whi ch are unfortun atel y not se lect ive for the common host crops; the phenols and e ndothal , 
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which show very little pers istence; chemicals such as barban , benzadox , diquat , and 
paraquat, which because they do not show preemergence ac tivity are also unlikely to be 
useful aids to control; and chloramben, chlorthiamid, dischlobenil , nitralin , and oryzalin , 
which may prove use ful. Further tests have shown that diphenam id , trifluralin , and R 
384 18 were able to significantl y reduce the germination percentage of seeds of O. ramosa. 
Greenhouse Studies - Of 13 soil-applied herbicides tested, only one (DCU) was 
found to give consistent control of Orobanche on tomato . Two others (Endothal and 
NAA), although toxic to the parasite, also proved toxic to the tomato host. Tests on 
herbicides from the dinitroaniline and carbamate groups indicated that: trifluralin reduced 
0. ramosa infestation when incorporated in the so il at transpl anting, but when applied after 
haustoria development was much less effective; CGA 14397 was also effective in 
control ling Orobanche; but Profluralin (CGA l 0832), although it increased the dry weight 
of the tomato host, did not reduce the dry weight of the parasite. With specific regard to 
legumes, Terbutol appli ed as a dust with bean seeds at planting has been shown to give 
maximum bean seed yie ld with minimum incidence ofO. crenata . 
Glyphosate, app lied as a foliar spray , has a lso been reported to be highly effective in 
controlling both 0. aegyptiaca and 0. ramosa. Rates of application, however, must be low 
and carefully controlled as the chemical is toxic to the host crops in higher concentrations. 
Field Studies - Among the effective soi l-app lied herbic ides, methyl bromide or a 2: I 
mixture of methyl bromide with chloropicrin are reported to give the best control of 
Orobanche. However , these chemicals have to be injected into the soil as fumigants and 
require a 24-hour coverage of the treated area with polythene sheets. For this reason, 
application on a fi e ld scale is like ly to be cost-prohibitive. Preplanting applications of 
Chlorpropham, Dalapon, TCA , and DCU (dichloral urea) and preemergence application of 
sesone (2,4-DES) and ally! alcohol have variously been reported as effect ive control 
measures. Diphenamid and a mixture of diphenamid with trifluralin have been shown to 
reduce broomrape infestation in tobacco by 62% and 58%, respectively; double 
applications of methamsodium in November and March have proved effective in killing all 
seeds of 0. ramosa and 0. muteli to a depth of about 25 cm in the soil ; and good control of 
Orobanche in broad beans has been obtained through I ,2-d ibromo-3-chloropropane 
applied in irrigation water. 
Foliar applications of several compounds appear to give effec tive broomrape control. 
Ally I alcohol, applied as a I% solution at flowerin g or as a 0.22% solution at 2-week 
intervals , gave good control of 0 . ramosa in tomatoes. Very effective control of 0. ramosa 
and 0 . aegyptiaca in tobacco was achieved usi ng a 2% sol ution of MH-triethylamine , 
which was translocated via the host roo ts into the parasite. Hedolit (based on DNOC) and 
glyphosate also gave excellent control of 0. ramosa , and g lyphosate has further proved to 
give good control ofO . crenata in broad beans when applied after flowering. 
A new approach to Orobanche control , involving the use of synthetic germ ination 
st imulants, is currently under investigation at the Faculty of Agricultural Sciences and 
preliminary results indicate that host crops planted a few weeks after treatment with GR 7 
may escape parasitism. 
Work is proceeding at several locations in the Middle East and on several fronts in an 
attempt to achieve a better understandi ng of this parasite that causes such dramatic yield 
reductions in almost all the food legume crops . This understandi ng, it is hoped, will lead to 
the evolution of more consistently effective contro l measures and, in reducing the 
incidence and severi ty of infestations in these crops, will con tribute considerably to the 
increased stability and productivity so badly needed in the food legumes. 
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Broomrape (Orobanche crenata) Resistance in Broad Beans: 
Breeding Work in Egypt 
Abdullah M. Nassib, Ali A. Ibrahim , and Hamdy A . Saber 
Agrirnltural Research Institute . Giza. Orman. Egypt 
The parasitic weed broomrape (Orobanche sp.) is a severe pest of all legume crops in 
Egypt. Infestations, particularly of broad beans (Vicic1 faba), which are the most widely 
cultivated grain legume in the country, cause very high annual crop losses. At present there 
is no truly effective method for controlling this damaging parasite , and current emphasis is 
being placed on the development of resistant varieti es as the most effective and economic 
control measure. Four branched and fou r unbranched spec ies of Orobanche have been 
identified in Egypt. Although all the species infest legume plants , Orobanche cre11a1a is 
without doubt the most serious pest, attacki ng the important broad bean crop and causing 
considerable damage . 
Comparatively res istant cultivars have been reported in broad beans in Italy, melons in 
the USSR , and hemp in France and graftin g experiments have shown the decis ive 
characters determining resistance to be in th e root. In sorghum, which is infested by 
paras itic plants of Striga spp. , two forms of res istant mechanism have been found : firs tl y, 
resistance arising from the low production of Striga germination stimulant by the root, 
resulting in low infestations due to reduced germination of the paras ite; and secondly, 
resistance based on barriers to the successful establishment of the paras ite on the host, 
either through mechanical obstructi on, involving thi ck-wall ed endodermis or heavy 
deposits of silica in the endodermis, or by physiolog ical barriers preventing adequate 
haustori al nourishment. In addition, research on Srriga resistance in sorghum has revealed 
that different strains of the parasite exist and that these differ in their virulence on differen t 
hos ts. This presents further complications in attempting to achieve a good and stable 
resistance. A similar si tuation should be ex pec ted in Orobanche species. 
Screening and Selection for Orobanche Resistance in Broad Bean 
This program was initi ated in 1972 at Giza Research Station. A collection of germ 
plasm, comprising land strains (famili es) and hybrid derivat ive lines, were subjected to 
selec tion for three seasons in a heav il y infested plot; 3 15 lines of Orobanche -free and 
less-i nfected plants se lected from th is material were then tested against a new unselected 
population of 121 entries. This investiga ti on showed the percentage of tolerant lines in the 
selected popu lation to be 44. 5 , in comparison with 21. 0 in the unse lected material , thereby 
illustrating the effecti veness of se lection in ra ising the res istance level in populations. 
Evaluation of Promising Tolerant Families 
Twenty-two families derived through a 3-year cycle of individual plant selection in an 
F7 line of the cross Rebaia 40 (commercial variety) x F 2 16 (land strain ) were evaluated 
with even commercial varieties and land stra ins for Orobanche tolerance . Results (Table 
I) indicated the famil y F 402 to have a higher level of tolerance than either the other 
selected fami li es or the check varieties. Further tests on this family have shown that on 
average it had 57 .5% less Orohanche spikes per hill and nearly four times more Orobanche 
free hill s (each hill with two bean plants) than the commercia l variety Giza 2. 
F 402 has also proved to have a high level of fi eld resi stance to root rot and wilt 
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T ABL E l . A comparison of the tolerance of selected families and unselected populations of broad bean 
to Oroba11che cre11ata, Giza Research Station, 1974- 75 . 
Infestation 
No. Oroba11che 
Broad bean spikes/infected % Orobanche- Visual 
material plant free plants rating• 
Selected families 
f 402 l. l 22.2 l. 3 
F408a 3.3 0.0 2.7 
F403a 4.0 9. 1 2.3 
f 401 4 .3 2.6 3.7 
F4l0c 4 .9 7.5 J.7 
U11se/ected populario11s 
L 53/536/63 5.9 2.2 5.0 
F 216 6. 6 0.0 5.0 
Giza 2 7 .4 0 .0 3.3 
• Visual rating using l-5 scale: I , vege tative growth and pod setting almost normal , due to very 
low infestation; 5, plants stunted and dried out before maturity with few pods set, due to heavy 
infestation. 
diseases caused by spec ies of the genera Rhizocro11 ia and Fusarium , in contrast to the 
commercial varieties Gi za 2 and Giza 4 , whi ch are severely affec ted under fie ld conditio ns . 
The tolerance of F 402 to both Orobanche and root ro t/w ilt di seases has resulted in seed 
and straw yields 16 . 9 and 4.4 times higher respective ly than those obtained from Gi za 2 . 
An evaluation of famili es selec ted for Orobanche tolerance at G iza and Sids , in 
Middle Egypt , and Shandaweel , in Upper Egypt , conducted at the Shandawee l Station has 
shown selections orig inating from G iza to be considerably more tolerant than selections 
o rig inating from e ither o f the other two sites. Thi s probably reflects the light selec tion 
pressure brought to bear o n the materi al from Sids and Shandaweel (one season onl y), 
compared to the more intens ive selec tion , over three to five seasons , carried out at Giza. 
The investigatio n also revealed that Orobanche infes tation on F 402 se lection s was about 
fo ur times higher than at Giza, where the selections o riginated . Th is res ult sugges ts that the 
vi ru lence of the paras ite vari es w ith locati on , or that different phys iological races ex ist. 
Evaluation under Controlled Conditions 
Screening for tolerance to Orobanche under fi e ld conditio ns int roduces a number of 
errors due to the fluctuating paras ite population , its di stributio n around the pl ants , and 
other soil and management factors. To enable better es tim ates to be made of host res istance 
and to facilitate s tudies of the nature and mode of inheritance of resis tance , the reactio n of 
catch and trap crops , and the variatio ns in virule nce of paras ite coll ec tio ns from differe nt 
locations, a technique fo r creating artific ial infes tati ons has been evolved at Gi za . This 
involves inoculating the root mass of a 25-day-old pl ant in a soil core o f 5 cm in di ameter 
with sufficient Oroba11che seed and then growing the pl ant under irri gation in a 25-cm pot. 
Using this tec hnique, an es timatio n of Oroba11 che in fes tation of F 402 and Gi za 2 has 
revealed highly significant reductions in Orobanche populations both above and be low the 
surface in the case of F 402 (Table 2). Based on these findings the res istance of F 402 may 
be ascr ibed both to reduced productio n of a germin atio n stimula nt and the erec tion of 
mechanical and phys iolog ical barriers to the successful es tablishme nt of the paras ite . This 
res istance is assoc iated with slower tap root growth , less production of lateral roots, and an 
altogether more compact root mass in F 402 than in other mo re susceptible varieties, such 
as Giza 2. 
Toward More Resistant Broad Bean Lines 
The research e fforts to date have primaril y involved screening and se lec tion from 
within the available indigenous germ plasm and from a number of hybrid lines , no t 
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TABLE 2. Orobanche crenata infestations of F 402 and Giza 2 under artificial infestation conditions, 
Giza Research Station, 1977-78 season. 
Infestation 
No. Orobanche stems 
and spikes/plant % Orobanche-
Above Below % of total free plants 
soil soil above soil Max. spike (above 
Cultivar surface surface Total surface height surface) 
F402 2.2 13.4 15.6 14.J 1.8 53.9 
Giza 2 11.4 26. J 37.5 30.8 10.6 0.0 
specially bred for Orobanche resistance. Although this select ion program has proved to be 
fairly successfu l in increasing the level of resistance in populations, the rather narrow 
genetic base and geographica l spread of the screening nurseries inherent in the work means 
th at a cei ling will soon be reached in improvement achievements . 
For the future, a truly effective breeding program must combine a massive amount of 
screening of a wide range of material over a large number of locati ons with studi es of a 
wide collection of parasite seed under artificial infestation conditions. This will enable the 
identification of sources of resistance to the suspected different races of the parasite as well 
as the clarification of the different resistance mechanisms. Once defined, this resistance 
can be introduced into adapted lines by multiple hybridization followed by recurrent 
se lection to obtain lines that are both highly productive under a variety of environmental 
conditions and resistant to Orobanche. 
In this way the highly destructive effect of this parasite on the very important broad 
bean crop in Egypt can, it is hoped , be greatly reduced, if not completely eliminated. 
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Accentuation of Weed Control Problems in the Dry Areas with 
Relevance to Herbicides in Food Legumes 
F. Basle r 
!CARDA , Aleppo, Syria 
Over a large part of the subt rop ical, semi-arid zone, both highland and lowland , a 
cereal-fall ow ro tation system has trad itionally been practiced. The main weed control 
methods in such a system have involved grazing during the fallow peri od and culti vat ion 
prior to planting the cereal crop. For economic reasons the largest poss ible area is 
maintained under cereals each year and as a res ult graz ing has often been reduced to the 
off-season or in some cases completely abandoned. This has allowed the proliferation of 
many winter weeds, which infest autumn-sown cereal and legume crops, because by the 
time that graz ing occurs these weeds have already, to a large extent , shed their seeds. With 
this increasing tendency toward intensification of cropping systems, curati ve weed control 
is becoming imperative to the maintenance of high leve ls of productivity. 
Constraints of Curative Weed Control in Dry Areas 
Water availability is the major fac tor affec ting the producti vity of crops in the dry 
areas. Even in good years the productivity of field crops in these areas is subopt imal and 
the profitability is ge nerall y low and variable. Farmers thus attempt to minimize the cost of 
their inputs and avoid as far as is possible the relatively costly ferti li zers and pesticides that 
are applied early in the cropping season and that would thus be wasted in the event of crop 
fail ure due to insufficient rainfa ll . 
At present the feas ible curative weed control methods available are threefold: 
Firstly , there is manual weeding, which can be through hand pulling in broadcast 
crops and where weeds are well established, or with tools if the crop is row planted or the 
weeds are not too far developed. Farmers often use hand-pulled weeds as an imal fodder but 
altho ugh thi s may at first sight seem a very useful practice , to be suitable for fodder the 
weeds must have reached a certain size and will have already exerted a considerable 
yield-reducing effec t on the crop by the time they are removed. Manual weed ing is very 
labo ur intensive and according to rece nt studies at ICARDA requires at least 60 man-days 
per hectare for the minimal two weedi ngs that are necessary . The advantage of this control 
method, however, is that it can be foregone in the event of crop fai lure due to drought. 
Mechanical weeding is the second availab le control prac tice and involves the use of 
animal or tractor power. It can only be carried out in row- planted crops and where the rows 
are suffici ently spaced to allow for the passage of the machine wi thout causing severe crop 
damage . This method is ineffec ti ve for the control of in-row weeds; requires a relatively 
level soil surface; can cause considerable soil compaction and loss of soil moisture; and is 
not poss ible when the land is wet. However, considerable savings in labour can be made 
over manual weeding, although investment in machinery may be high and increases with 
decreas ing between-row spacing, meaning that fe wer plants can be grow n on a given area 
unless investment is considerable . These requirements and disadvantages have tended to 
hamper the widespread introduction of mechanical methods in the relatively poor marginal 
areas. 
Finall y there is chemical weed control. This requ ires some sk ill and accuracy to apply 
the right herbicide at the right dosage at the right time and again considerable investment in 
equipment . Res ults can be exce llent when the chemicals are used in the correct way but 
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lack of operator skill and variable environmental conditions can result in total wastage of 
the investment or even destruction of the crop being treated. In addition, the use of 
herbicides can considerably reduce moisture loss as no soil disturbance is generally 
required and as water-consuming weeds are effectively eliminated. However, despite the 
cost of chemical control in most of the countries of the dry land region being far below that 
of correspondingly effective manual methods, the relatively high risks involved in their use 
and the high costs of the chemicals, which are largely imported, have so far inhibited the 
large-scale use of herbicides , especially by the small farmers. 
A better understanding of the actions of these chemicals under dry land conditions will 
perhaps enable us to evolve recommendations and procedures that will reduce the risks and 
costs of this more effective and economic means of weed control and as a result increase its 
popularity with the farming community. 
Selectivity Mechanisms of Soil Herbicides 
Phytotoxic chemicals have a very wide range of modes of action . Amongst the soil 
herbicides these include retarding root growth , inhibiting photosynthesis , interfering in cell 
meiosis, and affecting the uptake of minerals and water , to name but a few . Irrespective of 
their modes of action all chemicals must first be absorbed by the plant and translocated to 
their place of action before they can begin to be effective . In considering herbicides we 
would do well to remember Paracelsus' assertion of 500 years ago, that all substances are 
poisonous to living organisms at a certain quantity . The critical factor to be considered is 
thus the quantity of the herbicide that reaches its specific site of action. The variation in this 
determines the selectivity of the chemical (i.e., which plants will be killed by a certain 
dosage of herbicide under certain conditions and which plants under the same conditions 
will survive). Selectivity is of tantamount importance in the use of herbicides and it may be 
achieved by a number of different mechanisms . These mechanisms include physical 
placement of the chemical; ease of penetration of the root epidermis; metabolism to 
harmless derivatives within the plant; and ease of transport within the plant . In hydroponic 
culture the explanation would stop here, but in agriculture the soil, which is the link 
between the application of the chemical and its absorption by the plant, plays a very 
important role in determining the action of herbicides , most of which are soil applied. The 
soil represents a very complex system but certain important factors , such as quantity of 
water in the soil, adsorption of herbicides on soil particles , and movement of herbicides in 
the soil, that affect selectivity can be identified. 
Quantity of Water in the Soil 
Herbicides are translocated within the soil from their site of placement to their site of 
uptake either in solution with water or in a gaseous state. Chemicals commonly absorbed in 
solution include the groups of substituted ureas, uracils, triazines, diphenylethers , 
acetamides, and thiocarbamates, which are mainly applied to the soil surface. Gas-
transported chemicals are largely of the group of nitroanilines generally incorporated in the 
soil prior to planting due to their high vapour pressure. 
With solution-absorbed herbicides, uptake by the plant depends to a large extent on 
the water solubility of the chemical, which is in turn affected by the temperature and pH of 
the soil water and the rate of plant water uptake. In this context, the amount of available 
soil water is very important, as with less water to dissolve a given quantity of chemical the 
resulting solution will be more concentrated and the amount of chemical taken up by the 
plant over a fixed time will thus be greater. Thus it appears that, providing a chemical 
dissolves readily in water, its action will be considerably more vigorous under dry soil 
conditions than when the soil is wet. Comparison of the quantity of water required to 
dissolve a given quantity of various chemicals could thus be used as a good guide to the 






to dissolve I kg 
mm rain required 
to dissolve I kg 
End 
effect 
A IOOO ppm I m3 0 . 1 Increased 
B I 00 ppm I 0 m3 I. 0 Increased 
C JO ppm 100 m3 10.0 Increased 
D I ppm 1000 m3 100.0 Normal 
E 0.1 ppm 10000 m3 1000.0 Ineffective 
The application of hi gh dosages of herbicides with very low sol ubilities (e.g., E) is a 
was te of resources under dry conditio ns because much of the chemica l will remain 
immob ilized in the soil due to insuffic ient water. However , above the level of I ppm 
solubility (A, B, and C) , the total quantity of chemica l can be dissolved in increas ing ly less 
soil water, the conce ntratio n of chemical in solutio n is increased , and , as the degree of 
interpl ant se lec tivity is not a ltered, the effect on the crop is considerably enhanced (T able 
I ) . 
In general those herbic ides that are translocated and absorbed by plants in their 
gaseous state have a very low solubility in water. This fact largely prevents the absorption 
of these chemicals thro ugh the soil-water solution and movement to the pl ant is thus mainl y 
by means of the soil -a ir system. The moisture condition o f the so il is a lso a crucial factor in 
influencing the action of these herbic ides, because the rate of diffusion de pends large ly on 
the avai lable airspace in the so il. When th e soi l is in a dry condition a larger proportion of 
the soil pores are a ir-fill ed , as opposed to water fill ed , and the soil airspace is thus greater. 
Greater a irspace means more rap id diffusion of the chemicals in the soil and e nhanced 
absorptio n by the plant. Thus herbicides taken up by plants in their gaseous state are also 
more aggressive under dryland condi tions. 
Adsorption of Herbicides on Soil Particles 
A further factor bearing on the ac ti on of herbic ides is the degree to which they are 
adsorbed onto soil particles. The amount of adsorptio n depends on a number of factors 
related to the nature of the soil and of the specifi c chem ical. This phenome non significantly 
reduces and balances the quan tity of herbicides available to the pl ants and thus 
cons iderably affec ts their activity. 
It has been shown that within a gro up of herbicides (which therefore have a similar 
means of bonding) the amount of adsorption is pos itive ly correlated to the chemi cal's 
solubility in water (Table 2). This there fore balances to some degree the increased 
aggressiveness shown by highly soluble chemicals under dry land co nditions. 
The phys ical and chemical propert ies of the soil play a very important role in 
determining the degree of herbic ide adsorption. Soil particle size is particularly significant 
in this respect, in that small particles offer a larger surface area for adsorption per unit area 
of so il. Thus the degree of adsorption increases with decreas ing soil partic le size. This 
effec t , however , is modified by the re lative reactivity of the particle surface , expressed in 
the cation exchange capacity. Becau e the soil s of the arid zones are us ua lly low in soi l 
constituents with a high cation exchange capacity, s uch as organic matter , vermiculite, 
montmorillonite, and illite (Table 2) , the amount of herbicide adsorbed is re latively lo w 
TABLE I. Sol ubility and selec tive rates of some herbicides (from various sources). 
Solubility Selective rates 
in water recommended 
Herbicide (ppm) (kg active i11gredie111/ha) 
Fluorodifen 2 2.0-4.0 
Simazine 5 0.25-1.0 
Prometryne 48 1.0-2 .0 
Methabenzthiazuron 59 2.0-4.0 
Linuron 75 0.5-1.0 
Alachlor 240 1.0-2.0 
Metolachlor 530 l.0-2.0 
Metribuzin 1200 0.5- 1.0 
138 
TABLE 2. Magnitude of adsorption on Na-montmorillonite of selected herbic ides with different 
solubilities in water expressed wi th Freundlich .. k " and .. 11 " values.• 
Water solubility .. k" ''n " 
Adsorbate (ppm) value value 
Simetone 3200 2200 3.23 
Atratone 1800 400 2.08 
Prometoae 750 150 l.56 
Trietazine 20 58 1.00 
Propaziae 8 18 0 .89 
Atrazine 70 15 1.18 
• Source : Bailey, G. W. et al. 1968. Adsorption of organic herbicides by montmorillonite soi l. 
Sci. Soc . Amer. Proc. 32: 222. 
and its availability to pla nts correspond ing ly hi gh. Th is means that the e ffec t of th e 
herb ic ide will be grea ter than in more highl y adsorptive so il s. 
Hig h soil pH reduces the degree of adso rption espec ia ll y with herbic ides th at depend 
on an ac id-c harged partic le surface or on the weak positiv ity of thei r radi cals (nit rogen in 
the case o f anilines, ureas, and carbamates) for adsorptio n . Most soil s fo und in the arid 
lands have a pH of greater th an or equal to 8 and thus tend to adsorb chemical s much less 
read il y than the majority of soil s. 
Environmenta l conditions such as temperature a lso have a considerab le effect o n the 
adsorption properties of so il s . As high temperat ures tend to dec rease adsorption , particular 
attention must be paid to trea ting summer- or a utumn-sown cro ps in the dry areas. 
Movement of Herbicides in the Soil 
The direc tion and amount of a herbicide transported in the soil , o r the ab ility of it to 
diffu se fro m one place to another. depends large ly o n the amo unt and freq uency of water 
infiltration into the so il and the degree o f adsorpti on by the soil particles . When 
preci pitation and infil tration are high. the chemi cal tends to be leac hed down ward and 
diluted within a large quantity o f soi l. This increases the degree of adsorption and further 
reduces the e ffect of the herbicide by redu c ing its concentratio n in the root zone where it 
must remain to be effec tive. In cont ras t to thi s, under dry land co nd itio ns the dilut ion of the 
chemi cal is less. as a res ult of less water infiltrating into the so il and so the e ffec t o f the 
herbic ide is e nhanced. T hi s is further exacerbated by reconcentration of the herbicide near 
the soil surface as a resu lt of upward soi l water movement during spell s o f dry weather. 
It can be see n that the factors underlying the behav iour and efficacy of soil herbic ides 
are of a very com plex nature. Muc h work needs to be carried out to evolve 
recomme ndations for herbicide use suited to the spec ifi c s ituation o f the arid zones . 
However , with the know ledge that soil herbic ides ac t more aggress ive ly under dry land 
condi tions, weed contro l methods can now be developed invo lv ing smaller quantities of 
chemicals. Thi s will reduce the cost of treatments to a leve l that will better s uit the low-cost 





Genetic Resources of Grain Legumes in the Middle East 
L. J. G. Van der Maesen 
lnternatio11a/ Crops Research Institute for the Semi-Arid Tropics (/CR/SAT) . 1-11-256 Begu111pe 1, 
Hyderabad 500016, A .P .. India 
Genetic resources form the base for all crop improvement efforts. Ou r obligation to 
avoid loss of genet ic variability through the preservation and maintenance of these 
resources is thus of vital importance to future plant-breeding efforts . This task may be 
accomplished through a number of means, including cold storage of seeds , and the 
establishment of gene parks and gene banks. However , the first necessity of any 
conservation is to ensure that the resource base is made as wide as possib le by extens ive 
and thorough collection of varieties from their habitats before they are completely replaced 
by improved cultivars or otherwise lost. 
The Middle East is very rich in the genetic resources of many crops , especiall y pulses , 
and several species are considered to have originated there . Although Yavilov' s ' 'Centres 
of Origin" are no longer considered to be centres in the sense in which he described them, 
the areas concerned, and espec ially the Fertile Crescent, are important areas of diversity 
where many re lated wild spec ies have been found to occur. There have been many 
collection efforts in the region, but most have tended to place special emphas is on the 
cereal spec ies. Pulse collec tions are quite reasonable in quality , but specific gaps remain 
that it may not now be possible to fill wi th original germ plasm because of replacement of 
land races by improved cultivars. The International Board for Plant Genetic Resources 
(IBPGR) , established in 1974 to stimul ate germ-plasm conservation , lists southwest Asia 
and the Mediterranean as top priority areas for the conservati on of primitive cul ti vars and 
their wild relatives . Full-scale collection of pulses in the region probably needs to continue 
for a further 10 years to ensure an adequate coverage of all the countries through searches 
based on a reaso nably sized grid system. 
Occurrence and Diversity of Grain Legumes in the Middle East 
Most of the important subtropical grain legumes can trace their orig ins to the Middle 
East area. However, two notable exceptions are Phaseolus and Vigna , which, although 
originating outside the region , have achieved considerable importance within it. Although 
collections of these crops in the region would not yie ld primitive cul ti vars or wild relatives 
as with the other legumes , they would provide good examples of the local variation and 
adaptation achieved over the centuries by these crops. 
Phaseolus 
Phaseo/us beans (P. vulgaris L.) probably o rig inated in Mexico and South America 
and were only introduced into the Middle East after the Spanish conquests. Since then they 
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have become wides pread in the region. Lima beans (P . /1111 a111s L. ) were al so introdu ced 
about this time but have spread comparatively little. 
Pis um 
Peas are found in three main centres: the Mediterranean , Ethi opi a, and Centra l Asia, 
the Near East being considered a secondary centre. Onl y two spec ies are now recogni zed : 
P. sa1iv111n L. , which includes P. e/a1ius (M. Bieb) Aschers & Graebn . and P. humile (Mil ). 
as varieties due to proven intercross ing; and P. fu/\ •11 111 (Sibth . & Smith). Some authorities 
(Townsend ) still consider P. f onnosum (Stev) Al ef .. a perenni al spec ies . as belonging to 
Piswn and not to the separate genus Va 1·i/o l'ia desp ite the absence of intercrossing with 
peas. 
Cicer 
Chick-peas probabl y have their origins in the Middle East- Mediterranean complex. 
The closest relati ve crossable with chi ck-pea, Cicer re1iculatu111 Ladizinsky , is found in 
southeastern Turkey, and other morpholog ically close ly related spec ies such as C. bijugum 
(K. H. Rech) and C. echi11osper11111m (P. H. Dav is) also occur in thi s area. Substanti al 
evidence for the relati ons between these species has been provided by Ladizinsky and 
Adler ( 1976). 
Chick-peas were introduced into India and Ethiopia in ancient times , and secondary 
centres of variability now exist in these areas. The kabuli-type chick-pea (large-seeded, 
cream-coloured , and white-flowered) preferred in the Middle East was introduced into 
India in the 18h century and into Ethiopia only thi s century . 
Lens 
Lentil s probabl y also originated in the Middle East. Lens orie111alis (Boiss) Hand . 
Mazz . certainly had a part in the ances try of the culti vated lentil and acco rdin g to some 
authorities (Williams et al. 1974) should be considered to be subspec ies of the lent il (L. 
culinaris Medik ). The genus Lens is difficult to separate from Vicia and L(l{hyrus and at 
present is considered to consist of fi ve spec ies (Table 1 ). 
Vicia 
This genus con tai ns about 150 spec ies in the temperate parts of the northern 
hemisphere and South America. Of these , 59 have been fo und to occur in Turkey and 22 in 
Iraq. Broad bean (V.faba L. ) and bitter ve tch (V. en·ilia L. Willd .) are important as grain 
legumes, and many other spec ies. espec iall y V. saliva L.. are used as animal fodder in 
natural or culti vated pas ture. 
Broad beans seem to have originated in the Near Eas t (northern Iran) and to have 
spread to Europe, North Africa, and Spain al ong the Nil e to Ethiopia and through 
Mesopotamia to India. The crop is also widely grown in China where it has been know n 
since A. O. 1200 . Other spec ies in the divis ion Faba of the genus are V. bi1hy11ica L. , V. 
narbonensis L. , V. galilaea (Plitm. & Zoh), and V. hyaeniscyamus (Mout ). Although these 
are morphologically re lated, stud ies of cytology, crossability, and seed protein profi les 
have ruled them out as wild progenitors of broad bean. Nevertheless a common ancestry 
can still be postulated for these spec ies. 
Common vetch is grown throughout Europe and As ia, e~cept in the ex treme north and 
in the tropical areas. In other cont inents it is a na turali zed introduction. The varie ty 
angus1ifolia L. is perhaps the original wil d ancestor but. in ge neral, the seeds have proved 
difficult to trace in archaeolog ical work and so relat ively little is known of the origi ns of 
this spec ies . 
Vigna 
Cowpea, V. unguicula!a (L. ) Walp., originated in Ethiopia and the subspec ies 
deki11d1ia11a (Harma) Yarde. is now qu ite common in the wild throughout Africa. It arrived 
in the Middle East via India someti me before 300 B.C. and is now grown under irrigation 
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TABLE I. Distribution , altitude, and flowering season of gra in legume species and some of their wild 
relatives. 
Genus Species Area Altitude Flowering 
Pisum sativ11111 L. subsp. sa1iv11111 Middle East. 0-2000 Apr-May 
var. sativum cosmopolitan 
sariv11m L. subsp. sati vum Mediterranean , 0-2400 Apr-May 
var. arve11se (L.) S.W. Asia, Ethiopia. 
cult. cosmopolitan 
sativum L. subsp . e/atius Mediterranean , 700-1600 
var. e/atius Crimea, 
Middle East , 
Caucasus 
sativum L. subsp . elarius Middle East, 700-1600 Apr-May 
var. p11milio Cyprus 
sativum L. subsp. abyssinicum N. Ethiopia 2000-2400 Sep-Oct 
f11/vum S. Turkey, Jun- Jul 
W. Syria , Lebanon, 
Jordan , Israel 
formosum Lebanon , Turkey 
var. formos11111 Caucasus, Iran 
var . p11besce11s Iraq , S . E. Turkey 2900-3350 Aug-Sep 
Cicer rericu/amm S.E. Turkey 500-1500 Jun 
hererophy/111111 Manavgat-Akseki I 100 May (Jun) 
Lens culi11aris Mediterranean, 0-2900 Apr-Jun 
S.W. Asia , India , (M. East) 
China, America 
ervoides S. Europe, N.W. Africa . 0-600 Apr-May 
S.W. Turkey, W. Syria 
N. Israel, Crimea , 
Caucasus 
1110111/Jrerii S.E. Turkey, 1000-1300 Apr-May 
N. Iraq 
11igrica11s Spain , Morocco. 0-900 May 
Aegean , Turkey, 
Crimea, 
E. Mediterranean 
orie111alis Turkey, Syria , Greece, 450-1300 Apr-May 
Israel, N. Iraq , W & N 
Iran , Transcaucasia 
Vici a faba L. var. Jaba Mediterranean , 0-3000 Feb-May 
( = var. major) Yemen , USSR , 
M. East, Jan-May 
cosmopolit.an 
var. equi11a Medit.erranean 0-1500? Feb-Apr 
M. East Jan-Jun 
var. mi11111a Near East 0-3200 Jan-May 
(=var . minor) Ethiopia , 
N. India . Tibet Jan-Feb-Jul ? 
Afghanistan 0-4000 
11arbone11sis L. Mediterranean, C. & 0-1500 Mar-Jun 
var. 11arbo11e11sis S. Europe 




(Table I concluded) 
ga/ilaea Israel, Syria, 0-1300 Mar-Jun 
Turkey, Lebanon 
bithynica L. W. Syria, 0-500? Mar-Jun 
Cyprus, Crimea , 
W.& S. Europe, 
N.W. Africa 
hyaenischamus Turkey, Syria, 0-1300 Mar-Jun 
Lebanon, lsrael 
ervilia (I...) Mediterranean , 0-3100 Apr-Jun 
M. East, Afghanistan 
sativa L. Europe to China 0-1300 Feb-May; 
var . angustifolia L. & India, N. Africa, Nov 
naturalized in Australia, 
S. Africa, W. Indies 
var. sativa Same as above 0-1700 Mar-Jun 
var . amphicarpa S. Europe, N. Africa, 100-700 Mar-Apr 
Middle East, Caucasus 
Lathyrus sativus L. M. East, Europe 0-100 Mar-May 
N. Africa 0- Mar-May 
N. India 0- Jan-Feb 
C. Asia, Afghanistan 200-3100 Jul-Sep 
Ethiopia 1800-2000 May-Jun 
as a summer vegetable , gram, or fodder crop. Vigna radiata (L.) Wilzek. (green gram or 
mungbean) and V. mungo (L.) Hepper. (black gram) are natives of India and have spread to 
parts of the Middle East. 
Lathyrus 
This is a large genus compnsmg about 130 species that are found all over the 
temperate region of the northern hemisphere and the high altitudes of tropical Africa and 
South America . Many species are useful as fodders or in pasture and about 20 species are 
of horticultural interest. 
Chickli ng vetch, L. sarivus L. , is the most important spec ies in the Middle East and is 
sometimes used for human consumption though more commonly as a cattle feed . Its 
presumed area of origin is in southwestern and central Asia, but its widespread cultivation 
and naturalization throughout Europe (excepting the north), the Mediterranean, Sudan, 
Ethiopia , Afghanistan , and northern India have obscured its native distribution. The 
Middle East is obviously an important area of diversity . 
Lupin us 
In total, about 300-400 species exist within this genus and lupins have achieved 
considerable importance in the Middle East. Lupi nus a/bus L. (= L. termis Forsk ., 
Egyptian lupin) originated in the Balkans and L. mutabilis probably in South America. 
Materials Requiring Collection and Maintenance 
Four distinct types of material can be identified as ingredients for any germ-plasm 
collection: 
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Cultivars in Current Use 
Current ly used culti vars have an important place in germ-pl as m collections as they are 
usually the starting point for the deve lopment of improved varieties. The need to maintain 
pure cultivars is obv ious and for some cross-pollinated crops (e.g., broad beans) thi s is not 
a sim ple task. 
Primitive Cultivars 
This category of material req uires urgent maintenan ce as many landraces of certain 
crops have already disappeared or are only available as a neglig ible admixture with other 
improved varieties. This is especially the case with chi ck-peas in Turkey. 
Wild and Weedy Species 
Wi ld species are often useful so urces of di sease res istance and tolerance to adverse 
env ironmental conditi ons. For example, Cicer re1icu/a1um and C. judaicum (Boiss .) have 
been fo und to be res istant to Ascochy1a blight and Fusarium wilt of chick-pea, 
respect ive ly. Despite init ia l difficulties ex perienced in crossing wild species to cultivated 
ones, modern techniques may eventually overcome these problems and allow the 
ex ploitation of such useful resources. Until recently, access ions of wild species have on ly 
been entered in small numbers and screening has only just got under way. 
As these spec ies often occur in small isolated populati ons, genetic variability may be 
considerable and it should be stressed that more access ions of each species should be 
collected as a prio rity. 
Genetic Stocks and Mutants 
These material s fulfill a useful purpose in breeding programs as semifinished products 
and, when certa in charac teristics are required, they can be drawn upon as a readily 
ava ilable stock of a lready evaluated material. Such material mu st a lso be given proper 
maintenance al geneti c resource centres . 
Pulse Germ-Plasm Collection Efforts and Existing Collections 
Since 1920, over 40 collec tion trips throughout the Middle East and the Mediterranean 
area have contributed a large amount of legume germ plasm to agricultural researc h 
institutes. This has been supplemented by material gathered in the course of collection trips 
in the region primarily aimed at other species (e .g., cereals). 
Collections of varying s ize exist both within and outside the region. With in the reg ion, 
Algeria (!NRA, Jardin d ' Essais , Algiers) , Israel (Rehovot) , Pakistan (Lyallpur and 
Tandojam), and Turkey (Isk isehir) have had small- to medium-sized collections fo r a 
considerable time. Larger co llec tions have recently been es tablished at the Ege 
Agricultural Research Insti tute near Izm ir in Turkey and at !CARDA at Aleppo in Syria. In 
add ition, national research institutes throughout the region house small but useful 
collections of legume species. In India , apart from the relatively recent collection at 
ICRISAT at Hyderabad, there are sizeable collecti ons of pulse species at Hi ssar, 
Pantnagar , and New Delhi. Other institut ions outside the Middle East, such as the NI 
Yavilov Institute in Leningrad , the Institute of Agronomy at Bari (Italy), and the Zentral 
Institut fur Genetik und Kulturpflanzenforschung in the German Democratic Republic, also 
house considerable collections of pulse germ plasm from the region . 
The contents of so me of the more important legume collections are summarized in 
Table 2. Obvious duplication and triplic;;tion ex ist in these and other collections but for 
reasons of safety this is generally considered to be an advantage. 
Conservation 
Conservation of genetic resources primarily involves the long-term co ld storage of 
seeds . Most gra in legumes can be stored, as orthodox seeds, at- 18 °C and 5% seed 
humidity for long periods, perhaps up to a ce ntury. However, very few long- term 
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TABLE 2. Some important collections containing grain legume germ plasm from the Middle East. 
Institute 
Germ plasm Laboratory , 
Instituto di Agronomia, 
Bari , Italy 
Ege Agricultural Research 
and Introduction Centre, 
P.O. Box 9, Menemen 
Izmir, Turkey 
Nl Vavilov All-Union lnst. 
of Plant Industry (VIR), 
44 Herzen Street , 
Leningrad 19000 USSR 
Zentralinstitut fur 




German Democratic Republic 
ICRISAT, 
1-11-256 Begumpet , 
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cold-storage rooms are operat io nal and in the Middle Eas t onl y Izmir has these facilities at 
present. As a conseque nce, medium-term storage at 4- 16 °C is more us uall y prac ticed. 
Naphtale ne ball s as an insec t repellant have been fou nd to be a use ful comp leme nt to this 
method, but where soft-coated seeds (i .e., c hick-peas) remain in c lose contac t with the 
chemica l fo r too long growth , grow o ut wi ll be s tunted. Be tween storage periods , seeds 
must be grown out fo r rej uvenation and the populatio n struc ture sho uld be maintained as 
we ll as poss ible. The s ize of the sample in store sho uld not be too small: 5000 seeds or .5-2 
kg is sufficient for homogeneous samples . 
Perenn ial wil d spec ies pose considerably mo re difficulti es in growing o ut. Other 
conservation methods , such as natu ral reserves where fa rming is prohibited and ge ne parks 
with low- or med ium-g razing in tens ities, are thus ofte n advocated fo r such materi al. T he 
use and size of these fac ilities is s till at present under di scuss ion . 
Evaluation and Information 
Elite germ plasm can be more c lose ly eva lu ated in repli ca ti o ns. At present , eva luatio n 
of large amounts of germ -plasm samples are hampered by the lack of de ta iled replicated 
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and multilocation trials . De tai led cataloguing of germ-pl asm co ll ections wi ll be required in 
the near future and computerization wi ll become esse ntial in th is process. This is one area , 
together with collec ti on missions and germ-plasm exchange, where the benefi ts of much 
closer cooperation between national, regional, and international institutions are considera-
ble . Such cooperation would do much to hasten the ac hievement of a comprehens ive and 
catalogued "world " germ-plasm collection to which every research inst itute could have 
access . 
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Strategies for the Genetic Improvement of Lentils , 
Broad Beans, and Chick-peas, with Special Emphasis on 
Research at ICARDA 
G eoffrey C. H awtin 
Food Legume lmproveme111 Program , /CA RDA, Aleppo, Syria 
With th e es tabli shment of ICARDA in 1977, incorporating the food legume 
improveme nt program of ALAD . which was originall y init ia ted in 1972 w ith fundin g fro m 
IDRC, a considerable ex pansion in the objectives and scope of leg ume improve me nt 
ac ti viti es became possib le. 
The overall object ive o f the food legume breeding program of ICARDA is th us to 
encourage and support natio nal food legume improvement e ffo rts th ro ugh: 
• the co llec tio n , main tenance, deve lopment , a nd di stributi on of gene ti c materia ls o f 
lenti ls (Lens cu/inaris), broad beans (Vicia fa ba), and c hi ck-peas (Cicer a rieri11wn ); 
• the undertaking of genetic improvement wo rk and app lied researc h in the areas of 
breeding and genetics, and the wides pread di sseminatio n of research results; 
• the traini ng of sc ienti sts fro m the national research programs of the reg ion in the 
tec hn iques and theory of food legume improvement ; and 
• the bui lding of an internati onal network of food legume researc hers to e ngender 
increased cooperation and understanding between programs and thereby to facilit ate the 
free exchange of research res ults and materi als. 
The International Cooperative Breeding Program 
Breeding work is be ing conducted in Syri a and Lebano n to serve the needs of the low 
and medium elevation Mediterranean-type environme nts, and near Tabri z in northern Iran 
fo r the deve lopment of food legumes adapted to the more ex treme high e levatio n 
conditions. Although these locations represent a cons iderab le range of environments, they 
are not representati ve of the entire range of co nditions under whi ch broad beans, le ntil s, 
and chick-peas are grow n throug ho ut the world ; fro m the Andean region of Latin America 
and the irrigated cond itions of Egypt and the Sudan to the ' ·Rabi ·' productio n fo llow ing the 
mo nsoon in Indi a and Southeast As ia. 
To adeq uately address the needs o f the nationa l programs in all these di ffe ring 
environme nts, the ALA D Regio nal ursery Program has been expanded into a n 
International Cooperati ve Breeding Program th at aims: to prov ide fo r the widespread 
dissemination o f promi sing e lite genetic materials; to make avail able to the nati ona l 
programs material s exhibiting spec ial charac teri stics (suc h as di sease resistance) fo r further 
evaluation , testing, a nd poss ibl y also hybridi zation; to disseminate promising earl y 
generation segregating material fo r develo pment under local e nvironme nts; and to prov ide 
a mec hanism for the mu ltilocation tes ting of e lite lines to reduce the time necessary fo r 
eva luati on pri or to c ulti var re lease and allow the ide ntifi cation of genotypes with wide 
adaptability. 
The materials distributed by !CA RDA under this program incl ude nurseries o f 
selected germ plas m a nd (or) advanced lines fo r screening, eva lu atio n, or hybridi zatio n; 
early ge neration segregating popul ations (usua ll y F3 bulks) ; and y ie ld trials. 
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Lentil Breeding 
The lentil improvement program aims to develop materi als of both the 111acrospermae 
and microspermae types with acceptable organoleptic and nutritional qualit y and 
possessing the fo llow ing attributes: 
A high and stable dry seed yield through: 
• an inherentl y hi gh yield potential 
• tolerance to stress cond itions (cold. heat. drought. sali nity) 
• resistance to the major diseases and pests (includ ing Orobanche) 
• high plasticit y; 
A wide adaptability, primarily as a result of reduced photoperiod and temperature 
sensitivity; 
A high total biological yield; 
Characteristics suited to mechanized harvesting: 
• a ta ll erect growth habit 
• res istance to lodging and pod shattering 
• pods borne high above the ground . 
Disease and Pest Resistance 
Lentils are comparatively free from major disease problems. However. the most 
serious and ubiquitous problem is wi lt , a disease that can be caused by a complex of a 
number of different pathogens including Fusarium oxysporum F.sp. lentis, F. orthoceras , 
F. m •e 11aceum , Rhizoctonia sola11i, and Sclerotium ro/f~ii. Survey work is urgentl y 
required to estab li sh the relative importance and distribution of these pathogens, so that 
breeding efforts can be directed toward developing multiple resistance to the most 
important spec ies. 
The onl y other di sease of major importance in lentil s is rust, caused by Uromyces 
fabae, which can be particul arl y severe in some parts of the Indian sub-continent , but is 
rare ly a major problem in the Middle East. Some sources of rust res istance have already 
been identified in India , and it is planned to screen for further sources of resistance in the 
field using artificial inocul ati on techniques, at a coastal locati on in Syria, where the disease 
can be severe. 
Breed ing for res istance to other lentil diseases, such as downy mildew (Peronospora 
lentis), Ascochyta blight (Ascochyta lentis), pea enation mosaic vi rus (PEMY), alfa lfa 
mosaic virus (AMY), bean yellow mosaic vi rus (BYMY), and pea leaf ro ll virus (PLRY), 
wi ll onl y rece ive minor attention at present. 
Several insect pests have been reported to cause severe losses in lentil s both in the 
field and in store . These include: pod borers (Erie/la zinckinel/a ), reported to be the major 
insect fi eld pest of lentil s in India; several spec ies of aphids; Sitona weevils ; and storage 
pests, such as the lentil beetle (Bruchus analis). No good sources of resistance have been 
reported to any of these pests, although differential reactions to infestation have been 
observed and there are other encouragi ng signs that the deve lopment of res istant cultivars 
may be possible. In breeding for resistance to bruchid beetles care must be taken to ensure 
that res istance is not associated with poor cooking quality . 
Initial screening of lentil germ plasm fo r resis tance to the parasitic weed Orobanche is 
under way and cu ltivar differences in the degree of susceptibility have already been 
recorded. This work will be continued and ex panded in the future. 
Wider Adaptability 
Lentils are long-day sensitive plants and it is felt that thi s is an important fac tor 
contributing to the very narrow adaptability of most loca l cultivars. Narrow adaptability 
severe ly limits the progress that can be made through breeding, and the development of 
cultivars with a reduced photoperiod/temperature sensitivity is thus an important' objective 
of the program. In an attempt to achieve this, selecti ons will be made alternately for 
yielding ability under long-day conditions (in Aleppo or Tabriz) , and for earliness and 
vigo ur under short days (in Egypt or Ethiopia) in generations following crosses between 
genotypes adapted to each env ironment. 
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Genotypes with wide adaptabili ty can a lso be ident ified th ro ugh the internationa l 
cooperative trial s and nurse ries, and in fac t several lines identified as bei ng wide ly adapted 
in nurseries conducted under the ALAD program have a lready been in cluded as pare nts in 
the hybridization program at ICARDA. 
Improved Plant ldeotype 
T he development of pl ants wi th a larger vegetative frame and a high to ta l bio log ical 
y ie ld is considered to be o f great impo rtance in the strategy for lentil improvement. Thi s is 
primaril y because a high tota l bio logica l yield is indicative o f improved effic iency 
charac teri stics, such as a high c rop growth rate (CG R) and lea f area index (LAI ), and wi ll 
res ult in a hi gher to ta l seed y ie ld. providing that the harves t index is not a ll owed to fa ll. In 
addi tion , larger . more plastic pl ant s might be reasonably ex pected to be more stable and to 
have lower opti mum seed ing ra tes. thus a llowing cons iderable sav ings o n the very high 
ra tes of seed c urrently used in much of the region. Combi ned with res is tance to lodg ing 
such plants wou ld also allow for eas ier mechanized harves ting, and would furthermo re 
provi de an in creased vol ume of straw for animal fodde r , which is a very im portant 
considerat ion in many cou ntries. A more vigorous early growth mi ght also increase the 
crop's co mpet iti veness with weeds . 
The identification of genotypes capable of cont inued growth at the high temperatures 
that freq uently limit the spring growth of prese nt cultivars, mig ht be a usefu l start on the 
road to the developme nt of c ulti vars wi th a higher total biologica l y ield . 
Germ Plasm 
The conservation of genetic resources of len til s has received re latively little a ttentio n 
and germ-plasm co ll ec ti ons are generally considered incom plete. The !CA RDA collection 
now stands a t nearl y 4500 access ions and a lthough many countr ies are we ll represented 
(Table I ), more germ plas m is be ing sought , espec ia ll y from North Africa. Bang ladesh, the 
TABLE I. Origin of lentil and broad bean entries in the ICARDA germ-plasm collection . 
No. accession No. accessions 
Country Lentils Broad beans Country Lenti ls Broad beans 
Afghanistan 116 89 Japan 5 
Algeria 8 18 Jordan 38 9 
Argentina 3 Lebanon 47 14 
Bulgaria 2 Mexico 24 I 
Bolivia Morocco 16 13 
Canada I Nepal 10 I 
Chile 178 3 Pakistan 24 6 
Colombia 10 14 Palestine I 7 
Costa Rica Peru 2 I 
Ceylon 2 Poland 12 
Cyprus 6 10 Portuga l 5 
Czechoslovakia I S . Africa 
Ecuador 6 13 Somalia I 
Egypt 62 59 Spain 10 62 
Ethiopia 359 105 Sudan 32 
Finland 23 Sweden 9 
France 2 II Switzerland I 
Germany 41 Syria 92 38 
Greece 53 5 Tunisia 7 38 
Guatemala 3 Turkey 290 11 9 
Holland 98 UK 69 
Hungary 49 12 USA 3 
India 1759 7 USSR 65 21 
Iran 1006 13 Yemen 3 s 
Iraq 20 49 Yugoslavia 22 14 
Italy 5 4 Unknown 10 234 
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USS R, and co untries of Central and South America. Special emphas is is be ing pl aced 
throughout west As ia on the coll ec tion of wild Lens spec ies . Descriptors are currently 
being developed. the data wi ll be computerized , and it is intended to produce a complete 
germ-pl as m catalogue in the near future. 
Breeding Methodology 
Most of the cultivars released thro ughout the world to date have been derived by 
se lection from germ pl as m as opposed to hybrid izat ion programs. The degree o f further 
genetic improvement poss ible by continued selec tion from local germ plasm is expected to 
be limited in most countri es and major y ie ld advances are only ex pected to res ult from 
selections fo ll ow ing hybridization. 
Le ntil s are almost completely self-pollinated and artificial cross-pollinat ion is made 
difficu lt by the small and de licate flowers. Crossing under fi eld conditions has thus proved 
particularl y difficult. However , high success rates (over 70%) have been achieved from 
crosses in greenhouses, where the plants are sown in ear ly autumn and flowering is 
induced , and synchronized, by creating arti fi c ial long-day ( 18-20 hours) conditions during 
the winter. 
Due to the difficulty in crossing, the major part of the !CARDA lentil improvemen t 
work fo ll ows modified pedigree or bulk popul ation methods. Efforts , however , are be ing 
made to develop techniques for making a large number of crosses under field condi tions 
and thereby enabling the use of popu lation improvement methods, such as modified 
recurrent selec tion . 
Other breeding methods, including induced mutat ion and interspecific hybr idi zation, 
wi ll also be considered, especially for the development of specific characters fo r which 
genes are not ava ilable in the germ-p lasm collec tion. A number of crosses have already 
been made with the wild spec ies Lens orien1alis (considered by some to be conspecific with 
L. culinaris) with the main aim of developing drought res istance. Although the two spec ies 
cross readily, the work is still at an early stage and the usefuln ess o f these wide crosses in 
lentil improvement remains to be firmly es tab lished. 
Broad Bean Breeding 
The main objec ti ves of broad bean improvement at !CARDA are to develop a range of 
materials having different maturities and seed sizes together with the fo llowing 
characteri stics: 
A hi gh and stable dry seed yield through: 
• res istance to the major diseases and pests (incl uding Orobanche) 
• tolerance to stress conditions (cold , heat, drought , and salinity) 
• a more effi c ien t growth habit 
• increased autofertil ity 
• reduced fl ower drop; 
A wider adaptability; 
Res istance to lodging , pod-shattering, and storage pests; 
A high total b iological yie ld; 
An improved nutritional value, espec ially increased protei n quantity , together with 
reduced leve ls of tox ic fac tors, and maintai ned protein and cooking qualities. 
Although the major emphasis of the program is geared to the deve lopment of the crop 
for dry seed produc tion , some attempts will also be made at genetic improvement for the 
production of green seed and pods. 
Diseases and Pest Resistance 
Broad beans are particularly suscept ible to damage resul ting from disease infection. A 
wide range of diseases , including pathogens of the root rot/wilt complex, chocolate spot 
(Borryris fabae), Ascochyta blig ht (Ascochyta fabae), brown spot (A lrernaria sp .), 
powdery mildew (Erisyphe polygoni and Leveiulla taurica), rust (Uromyces fabae), and 
several vi ruses, have been reported to cause serious economic losses. Diseases are in 
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gen.era! a greater problem under more humid environments than with irrigated production 
under dry conditions . In recognition of thi s, ICARDA 's program concentrates its efforts 
toward the development of resistance (multiple where poss ible) at a humid Mediterranean 
coastal site near Lattakia . Few good so urces of resistance have so far been discovered and 
it is expec ted that emphas is will have to be placed upon building up res istance levels 
through population improvemen t methods fo r the accumulat ion of minor resistance genes . 
For certain spec ific di seases the use of induced mutation may also be considered in the 
future. 
The most important in sect pests of broad bean are aphids. Differential reactions to 
infestations of this pest have bee n observed in the JCARDA ge rm-plas m collection and 
breeders elsewhere have reported useful level s of aphid res istance and demonstrated the 
value of this in in creasing seed yie lds. 
Orobanche is also a major problem in thi s crop, causing serious losses. Several 
breeders have reported findi ng useful levels of resistance and the JCARDA germ-plasm 
collection is currently bei ng grown in artificially infested pots as a preliminary screening 
fo r res istance. As with the development of disease and aphid resistance , it is ex pected that 
population improvement methods will prove most useful in rai sing Orobanche resistance 
levels. 
Improved Plant ldeotype 
The opportunity fo r alterations in plant growth habit in broad bea ns is considerable . 
Although little work has yet been carried out on the establishment of optimum plant 
ideotypes for different agroecologica l conditions, types having a greater degree of 
determinacy, less top growth , a greater sy nchroni zation of flowerin g·, reduced height. a 
canopy structure allowing increased li ght penetrat ion, and reduced tillering are being 
sought in initial improvemen t efforts. Genes affecting all these characteristics are available 
and are at present being utilized. 
Autofertility 
Many broad bean cultivars require tripping of the flowers by bees in order to obtain 
max imum seed set. In the absence of insect pollinators (w hich can be caused by spraying 
aga inst in sect pests), seed yield may be reduced. However, because most of the autoferti le 
lines so far di scovered have originated outside the Middle East and most of the autofertility 
work has been carried out in northern Europe , the extent of the problem in thi s region is not 
yet clear. A selection pressure in favo ur of autofertility may be appli ed through the 
currently used breeding methods invo lving selfing through bagg ing or growing the plants 
in insect-free cages if artific ial tripping is not practiced . 
Nutritional Factors 
One screening of SI I accessions from the germ- plasm co ll ection at I CARDA has 
resulted in values in excess of 379'c protei n (N x 6. 25. dry weight basi ) being recorded. A 
population of hi gh protein lines was initiated in 1976 and thi s will be advanced through 
recurrent se lec ti on with S, or S2 tes ting. Protein level s of greater than 40% with no 
concurrent loss in yield are considered poss ible by some researchers . 
The occurrence of the di sease fav ism has bee n widely reported in the Mediterranean 
region . Littl e work has been carried out on thi s problem. but the presence of two 
pyrimidines (divicine and isouramil ) has been tentatively identified as the cause in 
ge neticall y susceptible humans. Once the causal age nts have been firmly established, 
screening methods can be developed fo r their estimation and att empts to breed for nontox ic 
types can be initiated . 
Apart from these two pos itive nutritional improvement aspects, all advanced lines of 
lentil s and chick-peas as we ll as broad beans will be ro utinely screened to ensure th at their 
nutritional and organolepti c properties do not fall below acceptable standards . 
Germ Plasm 
The !CARDA germ-plasm collection contains onl y 1300 entries, making it the 
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smallest of the food legume collec tions retained at the centre (Table I ). Efforts are thus 
continuall y bei ng made to expand the collec tion, germ pla m being especially sought from 
China (which accounts for two-third s of the world broad bean production) , the Indi an 
subcontinent , eas tern Europe, and Centra l and South Ameri ca. Germ plasm from northern 
Europe frequentl y fai ls to set seed under the co nditions of thi s region and assistance in the 
maintenance of this material is currently being sought. 
Broad beans are a partially outcrossed species . In the 1975-76 nurseries in Egypt, fo r 
example , outcrossi ng ranged from 11 % between rows (spaced at 65 cm) and 33% between 
plants at one location to over 20% between row s and 40% between plants at another. As a 
consequence of this high level of natural outcross ing, the germ plasm at !CA RDA is 
mainta ined in two separate collect ions: a broad-based collect ion in which no attempt is 
made to purify accessions except by subdivis ion; and a working collection of inbred lines, 
developed through the se lfing of individual plants wi thin the broad-based coll ec tion. 
Breeding Methodology 
As a result of their high degree of outcross ing, ICA RDA 's approac h to breeding broad 
beans involves considering the crop as both self-pollinated and cross-pollinated . 
Development of Pure Lines 
Since its initiation at Tel Amara (Lebanon) in 1975, the hybrid ization program has 
involved approximately 750 field crosses. Both bul k population and pedi gree methods of 
selection are be ing followed and compared . No pollination con trol is norma ll y attempted in 
early generations; but a separate system, involving the bagging of one or two plants in each 
progeny row and bas ing selection of the selfed plants on the performance of the open 
pollinated family, is currentl y being tes ted. This method allows a more rapid increase in 
homozygosity, enabling the required levels of phenotypic uniformity to be achi eved in 
fewer generations and at the same time permits selection for high au tofertility. 
There is some ev idence of inbreed ing depression in broad beans, and selection of 
inbred lines for high yield and autofertility is thus under way among lines deri ved from the 
germ plasm . The bes t selected lines, together with advanced inbred lines from the 
hybridization program , will be tes ted for general combining ability (GCA) and sy nthetic 
varieties , composed of inbred lines with high GCA's, will be constituted and eva lu ated. 
Population Improvement 
A program of recurrent selection has been started and fo r this purpose three 
populations were initiated in 1976-77 and a furth er three during the present cropping 
season. Follow ing three or fo ur genera tions of random intercrossing us ing honeybees in 
cages, it is proposed to follow either an S2 testing (4 seasons, 2 years/cyc le) system if 
recombination can be carried out in the off seasons, or an S, system (involving 3 seasons 
and 2 years/cycle ) if recombination using honeybees proves to be only feasib le in the main 
season . 
It is proposed to develop a series of mainstream popul ations based primarily on seed 
size, maturity, and major adaptation group , and another series of subpopulations for 
particular characters, such as disease, pest, and Orobanche resistance , protein content , e tc . 
When the frequency of desirable genes has increased to a sufficie nt level in these 
subpopulations, they will be introgressed with the mainstream ones through intermed iate 
·'back-up " populations. 
Hybrid bulk populations from the recurrent selection program will be distributed to 
national programs through the international scheme and will serve as a source of genetic 
variat ion for the future development of pure lines as we ll as a basic population for further 
improvement by mass selec ti on or fo r direct release. 
Male Sterility 
All attempts at cross ing between V. faba and other Vicia species have so far proved 
unsuccessful. Work on thi s aspect will be enco uraged, however , due to the g reat potential 
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for improvement by this method; for example, one of the c losest relatives of the broad 
bean, V. narbonensis, a wi ld weedy species fo und in the region, has been shown to have 
resistance to a number of diseases and pests, inc lud ing choco late spot, Ascochyra blight, 
and certain aphid spec ies. 
Chick-Pea Breeding 
!CA RDA and !CRIS AT are working very closely to ensure a good coordination of the 
activities of the ir respective chick-pea programs: research at I CARDA is emphas izing the 
kabuli cultivars, and that at ICRIS AT main ly the desi types. 
The !CARDA chick-pea improvement program thus foc uses on the deve lopment of 
kabuli material s with the fo llowing attributes: 
A hi gh and stable dry yield th rough: 
• an inherently high yield potential 
• tolerance to stress conditions (cold , heat, drought, and salinity) 
• resistance to the major di seases and pests (Ascochyra blight , roo t rot /w ilt , pod 
borers, and leaf miners); 
A wide adaptation; 
A high total biological y ield; 
Characteristics suited to mech anized harves ting. 
Winter Planting 
Throughout western Asia, chi ck-peas are, in general, planted in the spring and grown 
on res idual moisture. It has been well demonstrated that autumn planting could 
dramatically increase seed yie ld; however, the greatly increased risk of a severe attack of 
Ascochy ra blight normall y prevents this pract ice. An autumn-sown trial at Aleppo in 1978 
has shown one entry (NEC 2305) to have a moderate level of resistance to Ascochyra ; all 
the other entries in the tria l were almost compl etely des troyed by the d isease . Thi s entry 
produced a yield of over 3 tonnes of seed per hectare as compared to the 950 kg/ha 
produced by the same var iety when spring pl anted. 
At low and medi um e levations in the region, much of the materia l tested to da\e has 
shown sufficient cold tolerance to survive the winter and so the prospects for increas ing 
yield through autumn-planted varieties appear promising. Special breedi ng efforts are, 
however , planned fo r the Tabriz site to develop adequate cold tolerance fo r the plants to 
survive the extreme win ter condit ions of the hi gh plateau region. 
Disease and Pest Resistance 
Ascochy ra blight is without doubt the most economica lly important disease of 
chick-peas throughout the region. Not on ly does it prevent the practice of wi nter planting , 
but it is also a major yie ld- limiting facto r in the spring-sown crop. Resis tance to the disease 
has been reported, but it is almost exclusively confined to desi culti vars. 
A preliminary screening nursery at !CARDA in 1977-78, involving 1200 kabuli 
culti vars, has revealed about 30 entries wi th a moderate level of resistance and 7 entries 
that failed to show any disease symptoms at all. Although it is still necessary to confirm 
these find ings at other locations, the indications that res istant kabuli cultivars can be 
developed seem promising . 
The wild species C. rer icu/arum appears to be a promising source of resistance genes , 
and one access ion has been fo und to be very highly res istant in seed ling tests carried o ut at 
ICRISAT. 
Improved Plant Type 
Several lines originat ing from the USS R are currently being used as a source of ge nes 
for the development of a taller, more erec t plant type , which would both facilitate 
mechanized harvesting and should also resu lt in higher yields at high plant population 
levels. Some progenies of crosses between these lines and locally adapted types appear 
very promising in this respect. 
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The '' do uble podding " co ndition , where two fl owers are produced per peduncle 
instead o f the norma l one, is a further charac ter that may be important in increasing the 
yie ld potential and stabilit y. Research is al so under way o n thi s as pect. 
Germ Plasm 
A world germ-plasm collec ti on has been de ve loped at ICRIS AT and it is pl anned that 
a duplicate of thi s co llectio n will be maintained at ICARDA. A subco llection of kabuli 
types is a lso being deve loped at ICARDA as a workin g collec tio n . 
Breeding Methodology 
It is es timated that approx imately 75 % o f the chick-pea production in the main 
produc ing areas arises from unselec ted landraces and , o f the improved cul ti va rs that have 
bee n released , a lmost a ll have origin ated fro m se lec tions fro m thi s germ-pl as m base . 
Chic k-peas are co mparati ve ly easy to cross under fi eld cond itio ns and with the 
e tabli shme nt of both the ICRIS AT and ICARDA programs, large-scale cross ing can be 
undertaken , a ll owing the deve lo pme nt of popul ation improve ment methods in additi on to 
the pedigree or bulk methods traditionally used in c hick-pea breed ing. 
One approach currentl y be ing foll owed is the introgress ion of kabuli and des i germ 
plas m. These two groups have bee n separated for many hundreds of years and it is 
therefore probable that the gene tic divergences between the m are appreciable. The 
int roduction o f new " exotic ' ' genes into locally adapted culti vars may thus res ult in 
s ignificant yield advances, espec ia ll y in the improve me nt of kabuli types . fo r which the 
ava il able germ-plasm base is considerabl y narrower . There is some ev idence . however. 
that coadapta tio n is important in chi ck-peas and that wide cross in g tends to break up 
coadapted gene bloc ks. If thi s is the case, then backcross ing to the adapted parent would 
help to prevent excess ive adaptation breakdo wn , whi le a t the same time giving the added 
advantage o f increas ing the freque ncy of ge nes for acce ptable seed characters (the sma ll , 
colo ured seeds of the des i types be ing unacce ptable throughout mos t o f the Middle Eas t) . 
Work on thi s sche me was s tarted in 1975 with 158 kabuli x des i crosses, and 2 17 back 
crosses and three-way crosses were made in 1977 . The effec ti ve ness o f thi s method , 
however , still awaits a more comprehens ive evaluati on . 
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Some Agronomic and Physiological Aspects of the 
Important Food Legume Crops in West Asia 
M. C. Saxena 
Food Legume l!npro1•eme11r Program. /CARDA. Aleppo , Svria 
The extent to which a plant can harness the natu ral reso urces of solar rad iation , carbon 
di ox ide . water, and other inorganic nutrients ava il ab le to it in the production of yield is 
dependent upon its geneti c co mposi tion. The ge net ic co ntro l of yield is achieved th rough 
regulation o f the morpholog ical structure of the pl ant and its physio logical fun cti oning. 
The genetic constitution o f the plant thus determines its potential yielding abili ty . but the 
degree to which thi s potent ial is reali zed depends to a large extent o n the envi ronment in 
wh ich it grows. Because the crop env ironment can be partly regul ated by agronom ic 
manipulations , the ach ieve ment of high yie ld s, which is one of the main object ives of crop 
improve men t work , demands that aspec ts of agronomic management be given ac tive 
consideration a lo ngs ide the genetic alteration of pl ant structure and functioning . 
Lentils (Lens cu/i11aris ), c hi ck-peas (Cicer arietinum ), and broad beans (Vici a faba) 
are the three food legume crops of major importance to the agr iculture o f West Asia and 
No rth Africa. The ir respective average producti vity is reported to be 1068 , 950, and 1872 
kg/ha in the Near East and even lower in the Far East and Africa , as aga inst maximum 
yields of 3500, 4400 , and 7500 kg/ha. respect ively. reported from experimentation. Quite 
a substantial part of this apparent gap betwee n the potentiall y realizable and ac tually 
rea li zed yield may be attribu ted to inadequate agronom ic management. 
With thi s bac kground, the presen t paper briefly reviews the current state of knowledge 
on the agronomy and production physiology of the three food legumes with the aim of 
highli ghting the importance of the various factors that affec t yie ld a nd iden ti fying areas 
requiring further research emphasis in the future. 
Environmental Conditions 
The temperature optima for the growth of lentils , chick-peas, and broad beans lies 
between I 0 and 30 °C and the crops wi ll thus grow at a ll locations where altitude and 
latitude permit these temperature ranges . All three crops, for instance, are grown 
ex tens ive ly at low elevatio ns between la titudes 15 and 40°N; and chick-peas are also 
produced between 0 and I 5°N, but a t higher e levatio ns to meet the low temperature 
requirements; and broad beans may be cultivated up to 60°N at low altitudes and in close 
proximi ty to the sea . 
Chick-peas, lentil s. and to some extent also broad beans are subject to decreasing 
temperatures and day lengths immediately after planting in India , Paki stan , and rnme parts 
of North Afr ica, whereas they experience increasing temperatures and day length when 
grown in Iran , Syria. Jordan, Lebanon, Turkey, It aly . and Spa in . 
The so il moisture ava ilability and s tresses under which these crops are produced also 
vary cons iderabl y throughout the region, with the differences in rainfa ll pattern (and 
irri ga ti on) and thermal regimes experienced . They are raised o n conserved soil moisture in 
the Indi an subcontinent and in parts of Iran and Turkey, while production in Egypt and 
Sudan is almost entirely irri ga ted . In Syria, Lebanon. Jordan , and adjoining areas , broad 
beans are grown exclusively under irri gation , except at high rainfall coastal locations , 
whereas ch ick -peas and lenti ls are produced mainly under rainfed conditions, the former on 
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residual moisture after the winter ra ins and the latter during the ra ins , but ex posed to the 
des iccating atmosphere and moisture stress during flowering and crop maturity. 
The environmental conditions under which these crops are produced can thus be seen 




Lentil s are ecologically well adapted to cooler environments , but are adversely 
affec ted by long and intense periods of fros t. They are therefore grown as winter crops onl y 
in areas experiencing mild winters, and where winters are severe are usually spring sown . 
The optimum temperature fo r germination ranges between 15 and 25 °C , the rate of 
emergence bei ng slower at the lower temperatures. Sowing at a depth of 4-5 cm has been 
found to ensure rapid emergence and a better dry matter production than e ither shallower or 
deeper planting. Greater delays in emergence have been observed with deeper plantings as 
soil temperature decreases and small-seeded culti vars appear to be more sensitive to deep 
planting than the larger ones. Var ietal differences in the rate of emergence have been noted 
in preliminary studi es at the !CARDA site in Syria during the 1977-78 season. 
Date of Planting 
The perfo rmance of lent ils is affected markedly by planting date, the optimum time 
varyi ng betwee n locations. Under Indian conditions, the second half of October has been 
fo un d to be the bes t time, but the highest yie lds achieved in Egypt have been obtained from 
planting in the first half of November. The optimum planting date in Karaj (lran) was found 
to be in mid-March, but at higher elevations, pl anting generall y takes place in late April or 
early May. 
Delayed pl antings invariably result in co nspi cuous yield reductions as a result of 
reduced vegetati ve growth and the early termination of growth and onset of senescence due 
to the rapid temperature rises experienced during the reproducti ve phase. 
Plant Population 
Responses of lentil s to plant ing dens ity have been highl y variab le and depend large ly 
upon the growing conditions and the culti var type. Many common cultivars exhibit a hi gh 
degree of plastic ity and therefore little yie ld differences have been obtained with large 
var iations in sowing ra te, part icul arly under conditions of adeq uate moisture supply and 
high soil fertility. Howe ver, a general trend fo r yie ld to increase with sowing rate has been 
observed by some researchers, a density of abo ut 300- 450 seeds per m2 giving the highest 
yields. Such densities may be obtained with seeds spaced at 1. 5-3 cm in rows 15-30 cm 
apart. Under conditions allowi ng only res tric ted vegetative growth (e .g . , late sowing; 
under inadequate moisture conditions) or with cul tivars possessing a lesser plas tic ity, 
narrower spac ings and higher seed rates are recommended . This will enable the 
development of a c losed leaf canopy, permitting optimum interception of incident radi ation 
and resulting in higher yields. Based on calculations fro m seed density studi es and a series 
of seed rate trials , ra tes of 60-80 kg/ha for small-seeded types and 160-200 kg/ha fo r the 
large-seeded var ieties appear to be optimum for dryland areas. 
Farmers over much of the reg ion use higher seed rates than these, broadcast the seed , 
and then mix it into the so il with a country plough. This process converts the seedbed into a 
series of ridges and furrows and concentrates the seed in bands at the top of the ridges. 
Such a situation g ives a subopti mal util izat ion of the space avai lable and results in a high 
leve l of interplant competi tion. To avoid this yie ld- limiting problem, seeds may be drilled 
or pl anted into rows about 22.5-30 cm apart , without any subsequent cultivation. 
Fertilizer Requirement 
A lentil crop yielding 2 tonnes of grain per hectare may take up in the process about 
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95- 100 kg of nitrogen pe r hectare. Under Egyptian co nditions it ha been reported that 
about 77% of this req uirement cou ld be sati sfi ed th ro ug h symbi otic nitrogen fixation . 
However. thi s leve l of performance will o nly be poss ible with very effec tive fixation . The 
need fo r inocula tion w ith effective s tra ins of Rhizobiwn leg u111i11osarwn has thus been 
emphas ized and a co nsideration of host varie ty / rhizobium specific ity is an important fac tor 
in such inocul a tio ns, as s ig nificant spec ificity has been reco rded . Several studies have 
shown that applications of 20-30 kg N/ha are necessary as a starter to e nsure the adequate 
nitrogen nutritio n of the crop , despi te the large contribution made by rhizobial nit roge n 
fi xatio n . 
Farmyard ma nure has bee n fo und to have a pos iti ve e ffec t o n the pe rformance o f 
lent il s and is commonly recommended fo r lentil production in Pak istan . 
The soi ls of many le ntil -growing areas are characteri zed by a low ava il ab le 
phosphorus s ta tus and economic responses have been obtained from phosphate application 
in India, Pakistan, Iran. Egypt , Syria. and Greece . The o ptimum rate varies from 40 to 100 
kg P20 5 per hectare . depending upon the fert ility status and phosphate fixat ion capaci ty of 
the so il. Studies on high pH , low phosphorus soi ls of Syria ha ve revealed that an available 
P status of 4 ppm was req uired in the soi l durin g periods receiving normal levels of rainfall, 
but that whe n prec ipitat io n was scarce, a range of 7-9 ppm was necessary for the highes t 
yield s . This work hi ghli ghts the importance of phosphate fertili za tion in lentil crops, 
particularly during years of s uboptim al rai nfa ll. 
In cont rast to phosphate, posi ti ve responses to potassium application have been few . 
Significant yie ld increases have been obtained with applicati ons of 22 kg/ha of K20 in 2 
years o ut of 3 o n a sandy loam soi l in the Punj ab of India , but no res po nses have been 
obtained in Iran or Sudan. An improvement in the cooki ng qualit y of lentils has, however, 
been reported from K applicati ons to the crop raised in pots and adeq uately supplied with 
other macro and microplant nutri ents. 
Studies on the response of le ntil s to micronutrient appli cations have, to date, been 
limited. Micronutrient deficiency problems are, however, like ly to be e ncountered in the 
crop. because lentil s are frequ entl y grown under edaphic conditi ons where the availability 
of suc h nutrie nts is likely to be restricted. Le ntil s show a high susceptibility to zi nc 
deficiency (fa irl y widespread on paddy rice so il s in India and Pak is tan) and , a lthough 
var ietal d ifferences have been observed, most of the varie ties show y ield improvements 
from soi l applications of I 0-15 kg/ha o f zi nc sulfate or a foliar spray of 5 kg/ha of the 
chemica l when deficiency symptoms are first evident. Experiments have shown the crop to 
exhibit deficiency sym ptoms when the P:Zn rati o was higher than 400 and the Fe:Zn ratio 
higher th an I I in the whole shoot. It has a lso been fo und th at application of zi nc a t the rate 
of 5 ppm increased the surviva l of lentil rhi zobia in the rhizosphere , decreased the P:Zn and 
Fe:Zn ra tios in the lentil shoots, and increased the number. dry we ight , and leg-
hemoglobin content of root nodul es, res ulting in increased nitrogen fixation and dry matter 
yie lds in z inc-deficient soil s. Positive responses have bee n obta ined to molybdenum 
app licatio n in Bulgaria, increases of 15 . 5 and 17. 5% in seed yie ld being obtained by 
soaking the le ntil seed in ammoni um mol ybdate solutions designed to provide an 
eq uiva lent o f 50 and I 00 g Mo/ha. Although some workers failed to achieve a response 
through fo liar spraying, o thers have reported increased y ie lds , c rude protei n contents. and 
phosphate uptake th rough sprays of the c hemical at conce nt rations of 0.0 1, 0.02, and 
0.04% and a rate of 60 litres/ha. 
Water Management 
Under adeq uate moisture condit ions . le ntil s are known to use water at least as 
luxuriously as cereal crops. The transpiration ratio appears to vary with region and variety. 
ranging between 200 and 500 in the humid region and from 800 to 1500 in the semi-arid 
region . Growth chamber s tudi es have revealed that leaf area and dry matter production 
increase with increasing irrigation freque ncy, and pos itive res ponses have also been 
obtained in th e field. The crop is . however , very sensitive to overwaterin g and yie ld 
reductions will occur if irriga tio n is excess ive . Flowering appears to be a critical growth 
s tage fo r water suppl y and de laying irrigation beyond this stage has been shown to cause 
yie ld reductions. 
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In ge neral , lentils, however , are gro wn as a ra infed crop. In the Indian subcontinent , 
where they are produced on res idual moisture, the moisture conserved from late rain s in the 
monsoon season determines crop perfo rmance, whereas in the Mediterranean-type climate 
the yie ld depends largely upon the ra ins rece ived during the period December to Marc h. In 
both cases irrigation is rare . 
Weed Control 
Morphologically lentil s are at a disadvantage with respec t to co mpe tition with weeds, 
and yield reductions of up to 75% have been reported as a result of weed infes tations. Weed 
competition is most serious in winter crops between 30 and 60 days after crop emerge nce in 
areas with mild winters and be tween 60 and 90 days after emergence where the winter 
conditions are more severe. Mechanical weed co ntrol during this peri od has proved an 
effective and eco nomical method under Indi an co ndi tions and has ge nerally been superio r 
to the use o f herbic ides. Res ults of tes ts on severa l herbic ides applied at d ifferent crop 
stages have indicated some promis ing chemical control methods : trifluralin , when used as a 
preplant-incorporated herbic ide, has proved good under adeq uate moisture conditi ons 
although to lerance to this chemi cal is generally low in the crop; and linuron, prometryne, 
and dosanex have shown promise as pree mergence herbic ides. Cons iderabl y more 
herbic ide screening, espec ially on the basis of tox icity to weeds and crop to lerance, is now 
necessary to evo lve appropri ate chemical weed control for the dryland producti on of 
lentils. 
Harvesting 
The conve ntional method of lentil harves tin g invo lves the hand pulling of plants 
before they are completely dry to avo id pod shattering . However , considerable y ie ld losses 
still occur , particularly during the gathering and transportin g of the plants after they have 
been fi e ld dried in the sun. 
Mechanical harves ting, which is already practiced in the Uni ted States, is becoming 
an increas ing ly urgent considerat ion in West As ia as a result of the dec lining ava il ability 
and consequ ently increas ing cost of hand labour at harves ting. However, the generally 
short plant stature and susceptibility to lodg ing ev ident in currentl y grown varieties poses a 
great problem to the introduction of thi s techno logy. The deve lopment of tall er varieties 
wi th stronger stems is thus an obvious way to fac ilitate mechanical harvesting and in turn 
reduce harves ting losses . Ex periments have indicated that some he ight increase may be 
obta ined in lentil by sprays of g ibberellic ac id , but more stud ies on thi s aspect are 
necessary before it could be put into prac tical use . Investiga tions have shown that 
Camerlina spp . and ye llow mustard in mixture with lentil s he lp to prevent lodg ing and 
fac ilitate harves ting, but such a technique appears to have onl y limited applicability . 
Physiological Aspects 
Although lentil s have frequentl y been used in biochemi cal studi es, work on their 
phys iology has been lim ited . Add itional in fo rmation on the ph ys io logical aspects of the 
crop will ass ist in understanding the reasons fo r the adaptabilit y of ex isting cultivars to 
rather narrow agroecological regions and in the development of ge notypes with a wider 
adaptability . 
Photoperiodic and Vernalization Requirements 
Lentil s are sensitive to photoperiodic conditi ons and are cla sect as " long day" plants. 
Genotypes may, however, di ffer , some show ing " quantitati ve" requirements whereas 
others behave as " qualitati ve long day" plants. 
Vernali zation studi es in volving the ex pos ure o f soaked seeds to a temperature of 6 °C 
for about 5 weeks have shown th at lentil s respond to vern ali zation by a has tening of 
fl owering and a reduction of the period of vegetati ve growth . 
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Salt , Drought , and Heat Tolerance 
Stress from sa linity, drou ght , and heat causes a co ns iderab le reduction in the 
produc ti vity of le ntil crops . Thi s stress vari es appreciabl y with season and c li mate and th e 
deve lo pment of va rieties to lerant to these conditio ns may lead to rea l increases in the yie ld 
stab ility . 
A 50% reduction in the germinati on of lentil s was observed at a so il conducti vit y of 20 
mmhos/cm , whereas yie ld reductions o f 50% occ urred at 3. 9 mm hos/cm conduc tivit y 
leve l. In ves tigations o n two varieti es have shown the salt to leran ce li m it to li e betwee n 8. 4 
and 13. I mmhos/cm conduc ti vity and conspicuous red uctions in dry matter yie ld to occ ur 
beyond 5 .0 mmhos/cm. The culti var Large Blo nde was fo und to to lerate sa linity better than 
Anicia, the other cult ivar tes ted. 
Differences in to lerance to droug ht have also been observed betwee n c ulti vars: white 
lentils fro m Syria appear to be more to lerant than the red len tils fro m Egypt: and 
eva luatio ns o f I 00 geno types near Sofia (Bulgari a) have ind icated that large-seeded types , 
with the ir longer growing peri od , are less to lerant to dro ught th an small -seeded culti va rs . 
Canopy Development and Photosynthesis 
The mean crop growth rate is ve ry low in the early vege tative phase, particularly at 
low temperatures. Howe ver , there are indicati ons that genet ic differences ex ist in the ra te 
of canopy de velopment and dry matter production under such conditio ns . Total dry matter 
production and grain yield have been found to be very highl y corre lated with the degree of 
intercepti on of photosy ntheticall y ac ti ve radiation during the pod-fillin g stage. a c losed 
canopy, permitting 90% intercepti o n o f inc ident radi ati o n at the fl owering period . g iving 
the highes t yie lds. Cano py c losure is de pe ndent upo n the branching pattern and leaf area 
deve lo pme nt. Genotype can be seen to d iffer apprec iab ly in both these charac ters and in 
the degree to which they are ex pressed in differing environments. Genotypic differe nces 
have also been observed in the photosynthetic rate and the partitio ning of dry matte r into 
di ffe rent compone nts of yie ld . Such a vari ability means that the pote ntial fo r evolving more 
produc tive ge notypes. in terms of dry matter as we ll as economi c yie ld , is considerable . 
Growth Regulation 
Seed treatme nt with growth regul ators, s uch as indo leacetic ac id and indolebutyric 
acid have bee n demo nstrated as affec ting th e ra te of seed ling es tab li shment and early 
growth . The role of growth regulators in modifying the canopy structure and producti vity 
of lentil has al so been inves tigated . Under conditio ns of late planting, permitt ing res tricted 
pl ant growth , significant increases in le ntil yie ld have bee n recorded fo llowing a fo li ar 
spray of a 20-ppm solutio n of the sodi um salt of naphthyl ace tic ac id 50 days after pl anting. 
High rates of applicatio ns of 2,3 .5-Triiodobenzoic ac id , however , res ulted in reduced 
yields in one lentil c ultivar through the production of an intertwined ca nopy . The ro le of 
growth regulators and a ntitranspi ran ts o n drought to lerance and water use eco nomy still 
remains to be es tabli shed . 
Chick-peas 
Agronomic Requirements 
A general rev iew of the agrono mic requireme nts of c hi ck-peas has previo usly been 
carried out as have agronomic studies under Indian conditio ns (Saxe na and Yadav 1976; 
Van der Maesen 1972). The present coverage is therefore ma inly res tricted to work in West 
Asia and orth Africa . · 
Planting Date 
C hick-peas produced in the region may be planted fro m early wint er to late spring , 
depending upon the location . It has been observed in studies of plantings from 16 August to 
20 October that de layed sowing res ults in reduced growin g, prefl owe ring and fl o wering 
peri ods, and a considerable depress ion of plant developme nt , leading to drastical ly reduced 
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yields. Studies in Sudan have estab li shed the opt imum planting time as late November to 
early December; earli er as we ll as later pl antings resu lt in apprec iable yield reductions. At 
lower elevati ons in Iran, the highest yields have bee n obtained from October pl ant ings, but 
at hi gher elevations autumn plantings have led to wi nter injury and thus chick- peas are 
generall y spring sown. early April prov ing to be the best time in Karaj and late April-early 
May be ing the optimum at Tabriz. In general, the wi nter temperatures over much of the 
Mediterranean region are not suffic ientl y severe to cause damage to autumn-sown 
chick-peas. However, most fa rmers still adhere to spring plantings and the subsequent 
ex posure to moisture stress and high temperatures during the early phase of reproductive 
growth . which result in reduced yie lds. This is primari ly because . despite the higher yields 
th at can be obtained from autumn planting, the incidence and destructiveness of Ascochyta 
bli ght is considerably increased and total cro p loss oft en results. The development of 
genotypes suitab le for winter planting (i.e . . wit h cold tolerance and tolerance or res istance 
to Ascocln·ta blight ) will thus fulfill a great need and enable very great yield increases in 
this crop. 
Plant Population 
Optimum plant populati on appears to depend very much on grow ing cond itions, 
especiall y moisture suppl y. Invest igati ons undertaken over a 3-year period in Karaj (Iran ) 
wi th irrigated chick-peas have shown that yield increases with plant population, the highest 
yields being obtained with 0.5 million plants per hec tare. Subsequent studies at Tabriz 
have confirmed thi trend under irrigated conditions and have indicated lower populations 
(abo ut 0.248 million plants/ha) to give the hi ghest yield in rainfed crops. Informat ion is 
currentl y req uired on optimum plant populations and planting geometry for genotypes with 
different growth habits and planted at different seasons in the Mediterranean-type climates. 
Fertilizer Use 
The removal of plant nutrients by a chick- pea crop yielding about 3 tonnes of gra in 
and 4.5 tonne of straw per ha has been estimated to be approximately 144 kg , 3 1 kg 
P20 5 per ha. It has also been es timated that 100 kg N/ha, or 77% of the total nitrogen 
content of the crop, is annually suppli ed through symbiotic fixation under Egyptian 
cond itions. The contribution of symbios is to total nitrogen yie ld in the crop probably varies 
with host genotype, rhizobial strain , and env ironment al conditions. Under favo urable 
cond itions, therefore, symbiotic fixation co uld account for almost all of the crops' nit rogen 
requirements , as was probably the case in studies carried out in India and Iran as part of the 
Regional Pulse Improvement Projec t, which showed no large-scale responses to nitrogen 
fertiliza tion. However, other experiments in Sudan have shown positive responses to 
increasing applications of ni trogen (up to 120 kg/ha in irrigated crops) . Split applications 
(one-half at sowing and one-half at fl owering) were found to be best in these cases, 
particu larl y at intermedi ate levels of fertilization (80 kg/ha). Poor nitrogen status of the 
soils and the lack of nodul ation (possibly due to salinity) were considered to be responsible 
for thi s positive response and the need for inocu lat ion with effect ive strains of Rhizabia 
was emph as ized under such conditions. The use of so lid inocul ant in the furrow , rather 
than the slurry inoculation of the seeds after treatment with Cerasan fu ngicide, has been 
recommended as the key to good nodulation . 
No response to the application of either phos phoru s or potassium could be obtained in 
ex periments at Karaj, and investigations on phos phorus-deficient so ils at ICRISAT (India) 
have also failed to obtain yield increases from phosphorus applications. The reasons for 
this apparent lack of response must be inves tigated. Perhaps this will lead to a revision of 
the standards of defic iency and suffi ciency levels and the development of improved 
methods of assess ing the availability status of phosphorus in so il s. Chick-peas are known 
to have a high sulfur requirement and responses to app lications of sulphur also warrant 
future studies. 
Only limited studies have been conducted on crop response to micronutrients to date. 
Iron deficiency symptoms have been observed in some chick-pea cultivars when grown on 
highl y calcareo us soil s in Lebanon and Syria, although the majority of the locally grown 
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cult ivars sho wed no such proble ms . This defi c iency may be eas il y correc ted by fo li ar 
sprays of a 0.5% solution of ferrous sul fate , but care sho ul d be taken to e nsure that the tra it 
fo r more effi c ient iron utili zation is re tained in genotypes be ing bred fo r calcareo us soil s. 
Z in c deficiency has also been observed in chi ck-peas and varietal differences in 
susceptibility have been recorded and may be used in breed in g programs. a lth ough the 
defici ency can be corrected by spraying zinc sulfate (0. 5 'ft so lution). 
Water Use 
The water requirement (i .e. transpira tio n ratio) of c hick-peas is reported ly as hi gh as 
I 000. In most parts of the regio n thi s requirement must be met from moisture conserved in 
the soil profile from the preced ing rainy season . If thi s conserved moisture is insuffic ie nt to 
the needs, the crop respond s we ll to supple mentary irrigation . Studies a t Shiraz (Iran) have 
shown a 6-day irrigation interval to give yields a lmost twice as grea t as with irrigations 
every 9 days . A hig her irrigation efficiency was obtained with basin irrigation (45.4% ) as 
o pposed to furrow irrigation (35 .5% ). although this had no e ffec t upon yie ld . The greates t 
yie ld response in work at Karaj has been ac hieved by irri ga ti on at the prebloom stage every 
tim e the so il mo isture fell to 33 % of field capacity. and during the period after full bloom 
every time the leve l reached 66% of field capac ity. Field ex periments conducted in Sudan 
have g ive n the best res ult s with a 14-day irriga tion interv al; more or less freq uent 
irriga tio ns depress the yie lds. 
Urge ntly needed at the present time are agronomic methods designed to increase the 
conservat ion of moi ture in the soil profile in the preplant ing period and to reduce its loss 
during crop growth . Such methods wi ll greatl y increase the efficiency of the use of 
moi sture received th rough precipita tio n. 
Weed Control 
Although better com petitors than lentil s, chick-peas also suffer from weed competi -
tio n. Screen ing for uitable herbic ide control measures is c urrently under way at ICARDA 
and detailed s tudi es are now required to devise an effec ti ve sys tem of weed management 
th rough a combination of cultural and che mical methods . 
Harvesting 
The need for mechanization of harves ting is widely recogni zed in this crop , as in 
lenti ls. throughout the region . The effects of vario us cultural practices on harvest loss in 
chick-peas must be investigated and breeding work sho uld emph as ize the deve lopme nt of 
talle r pl ants with a more upright growth habit. 
Physiological Aspects 
Germination 
Althoug h germin ati on may be obt ained a t temperatures as low as I 0 cc and as high as 
40 cc, the optimum soil temperature fo r germinati on appears to li e between 25 a nd 35 cc. 
At lower temperatures the time lag before germinatio n increases; with decreasing 
temperatures the crop e merge nce is decreased ; and no emergence occurs at soil 
temperatures above 44 cc. 
Photoperiodic and Vernalization Responses 
Chick-peas seem to be sensitive to photoperiod a nd to respo nd to verna lization. This 
may be partly responsible fo r the observed adaptability of ge notypes to rather specific 
locations . Although chick-peas have been generall y fo und to be ''long day" plants, some 
ge notypes appear to flower under day lengths as low as 8 ho urs . Such ge notypes may be 
less sensitive to pho toperiod and thus have cons iderab le potenti al for use in breed ing 
efforts des ig ned at ach iev ing wider adaptability . Flower bud initi ation and flower 
deve lopment have been shown to be has te ned by lo ng day condi tions and the effect of 
vernali zati on to comp leme nt this. 
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Salinity Tolerance 
C hi ck-peas are hi ghl y se ns iti ve to salinity, irriga tion wi th water of a co nductivity of 
I 0 mmh os/c m reduc ing y ie ld by as much as 55%. The deve lopment o f sa lt -to lerant 
genotypes is thus a prio rity consideration for areas where the crop is grown under irrigation 
and the water tends to be brackish . In additi on, because root nodule function seems 
re lati ve ly in sens iti ve to salinity after es tablishment , special inoculation methods should be 
deve loped to enabl e success ful es tablishment o f Rhizabia with the host roots under saline 
conditions. 
Drought , Heat , and Frost Tolerance 
As most chi ck-peas are grow n on conserved moisture, the roo ting pattern may be an 
important determinant o f cro p perfo rmance. Geno typic differences in rooting pattern are 
ev ide nt and such differences may thus be of use in the development of varie ties with some 
tolerance to drought and hence greater yield stability. However , the e ffective use of thi s 
character in varietal improvement work requires th at a quick techn ique be developed fo r 
screening genotypes for their potential roo t growth. 
To lerance to high temperature during reproducti ve growth would also be a very 
des irabl e charac ter fo r crop production in the drier areas. The double pod charac ter (two · 
pods per pedunc le rather than the usual one) has been reported to ex press itself we ll under 
the adverse conditions that tend to shorten the fl owering period . This charac ter may prove 
very useful in the breeding of more stable varieties fo r production under these conditions. 
Fros t tolerance is also a desirable charac ter fo r the deve lopment of hi gh-y ielding 
varie ties fo r the hi gh elevation plateau areas of the region , where spe ll s of fros ty weather 
are like ly to occ ur during seedling es tablishment and early vegetati ve growth . 
Photosynthesis 
Chick-peas possess cons iderable ge netic variation in the ir photosynthetic rates. The 
rate of pho tosy nthesis normall y decreases sharply with the onset of fl owering, although 
varie tal differences in thi s res pect were also conspicuous. 
Photores pi ration is responsible fo r cons iderable losses of photosynthate and the 
temperature conditions under which reprodu ctive growth takes pl ace in the region tend to 
increase thi s process and thus reduce net carbon gai n by the crop. The identification of 
geno typi c d ifferences fo r a more effic ient photosyntheti c sys tem, reduced pho torespi ra-
tion, and higher nitrogenase acti vity during reproducti ve growth should thus greatly 
increase the potential fo r deve loping more producti ve cultivars. 
It has been show n in some culti vars that photosynthes is in the pod wall may make a 
significant con tr ibution to the carbon pool in the developing seed. Although studies have 
show n that the · 'ex posed pod" charac ter does not seem to confe r an advantage to a 
genotype, its importance needs to be further examined with a wider range of genotypes and 
environm ental conditions before any firm conclus ions can be drawn. 
Broad Beans 
Agronomic Aspects 
Agronomic stud ies of the broad bean crop have been carried out fa irl y extensive ly in 
Egypt and Suda n where production is under irriga tion, but little published information is 
ava il able from oth er parts of the reg ion. 
Date of Planting 
Ex peri ments conducted over a 3-year period and at a number of diffe rent locations in 
Egypt have revealed that I 5 October- I November is the bes t plant ing date fo r broad beans . 
Simil ar and subsequent studies with improved varieties in Sudan have confirmed these · 
fi ndi ngs. Varietal differences in y ield reduction with de lay in plan ting were conspicuous. 
Plant Population 
Yie ld per unit area has been reported to reach a max imum at a p lant dens ity o f 35-45 
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pla nts/m2 in winter types and at 67 pl a nt s/m2 in spring cultivars. It has also been fo und 
tha t , fo r a given dens ity , a lterations in the betwee n-row di stance had little influence o n 
p lant development. Studies in Sudan ha ve shown that yie ld increases with seed ra te 
between 83 and 166 kg/ha, but that seed rates beyond 33 2 kg/ha caused y ie ld reductions. 
Within thi s range it appears that c loser row spac ings and higher plant popul ations tended to 
result in higher yie lds; the pl ants, however , showed cons iderable compensatory 
mechani sms betwee n the ir yield compo nents , so th at large vari ati ons in density caused 
rel a tive ly small yield differences. Similar res ults have been obtained fro m investigatio ns in 
Egypt. whe re varie tal and locatio nal d iffe rences have also been detected : a ro w spac ing o f 
30 c m and a hill spac ing of 15 c m (with two plants pe r hill ) gave much greater yield 
increases over spac ings of 60 and 20-25 cm , respective ly, in Middle Egy pt than in the ile 
De lta reg io n . Egy pti an s tudies have es tabli shed the optima fo r seed rate at 140- 180 kg/ha 
and s tud ies in Ethi opia a t a fi e ld spac ing of 20 x 15 cm . 
Fertilizer Use 
Broad bean is kno wn to fi x more atmosph eri c nitroge n than e ither lentil s or 
chick-peas. Estim ates of fixati on under Egypti an conditio ns are abo ut 135 kg/ha, whi ch 
may account for approx imate ly 70% o f th e to ta l N conte nt of the pl ant. The contributio n o f 
symbioti c nitroge n to total plant nit roge n may vary with soil N content and rates of 
fe rtili ze r N applicatio n . Pos itive res po nses have bee n obta ined to inoculations with s uitabl e 
rhi zobi al trains. Broad bean yie lds have been increased by I 0-1 2% w ith the appli catio n of 
18 kg o f inorgani c N/ha, but in these s tudies no further res po nse was obtained with 
appli ca tio ns over 36 kg/ha . However , good responses have been found from 42 kg N/ha 
applicatio ns in Sudan . particularly when fertiliz ation was del ayed until 2 months after 
pl anting or split into three dress in gs (33 <'.k a t pl anting. 33 % a ft er I month . and 33% aft er 2 
months). 
Co nspicuous respo nses to phosphoru s appli cati o ns have been observed in Egy pt and 
rates of 72 kg P20 5/ha are recommended . Foliar appli cation has been reported as better 
than appl ying the fertili zer to the so il in no rthern Sudan . 
Pos iti ve responses to fertili zation with potass ium have been fo un d o utside the region 
but no re port s of responses are ava ilable from within West Asia and orth Africa. Th e 
fa vourable effe ct o f potass ium upon nodu latio n and sy mbiotic nitroge n fixation is we ll 
kn own and there is thus a need to study the importance of fertili zatio n with this nutri ent 
che mical in broad bean productio n in the region. 
Studies on crop response to micronutrient applicatio ns are also limited and little 
in fo rmatio n is available fro m the regio n . However , an application of mo lybdenum has been 
shown to improve the sy mbio ti c nit rogen fi xati on and nitroge n nutritio n o f broad beans on 
a soil conta in ing 0. 18-0.29 mg Mo /kg. 
Water Management 
The transpi rat ion rat io of broad beans has been reported to vary with c li matic 
co nditions. be in g 282 in Germany as against 736 in Colorado (U SA) and . in both cases. 
hi gher than th e corre po nding va lues fo r wheat. 
Water stress has been show n to red uce the abso lute growth ra te o f leaf area and thus 
overall vege tati ve growt h in broad beans . Thi s effec t is also ex tended into a s igni ficant 
red uc tion o f grain yield. In addition . nit roge n fi xa ti on appears to be very hi ghl y corre la ted 
with the avail able moisture content of the soil. Stud ies have illus trated that the yie ld of 
broad beans is 80% hi gher under a .. we t" regime (invo lving nine irri gations in both the 
vegetative and reproductive phases) than under a .. d ry .. reg ime (with onl y s ix irriga tions). 
These studies also revealed th at it was be tter to ma intain a wet reg ime durin g vegetati ve 
growth fo llowed by a dry one from fl owering to pod de ve lopm ent , rather than vice- versa, 
but they were un able to pinpo int the cr itical stages very prec ise ly. No s ignificant responses 
to irriga tion were obtai ned in Lower Egypt because of the ra infall . but be tween four and s ix 
irriga tions were needed fo r good crop perfo rmance in the dri er areas of Middle and Upper 
Egypt. Higher irriga tio n freque nc ies have a lso been reported to suppress infection by the 
very damaging paras iti c weed Orobanche . 
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Excessive water supply can damage the broad bean crop. It is known , for example , 
that a water table at 5 cm be low the so il surface can result in rotting of the seeds. The water 
management of this crop must thus be very good to prevent ei ther prolonged periods of 
moisture stress or water Jogg ing . 
Physiological Aspects 
Germination 
Germination rate has been fo und to increase as night temperature is ra ised from 5 to 20 
°C with a constant day time temperature of 20 °C . Highest seed yie ld s were obtai ned w hen 
the night temperature was held at I 0 °C. 
Photoperiodic and Vernalization Response 
Broad bean cultivars appear to behave either as Jong day or day neutral pl ants and 
showed some response to vernalization. Quantitative long day responses have been 
observed and flower initiation may be hastened by increasing the day length from 6 to 16 
hours or a brief ex pos ure of the plant to low temperatures ( I 0 °C proving better than 4 °C in 
this respect). Such low temperat ure treatment may serve to overcome a reaction inhibitory 
to flower initiation that has been observed at t<: mperatures above 14 °C during the fl ower 
initiation period . Vernalization of broad bean seed has also been fo und to be poss ible on 
the mo ther plant itself and this treatment leads to more rapid development of plants derived 
from treated seed. 
Plant ldeotype 
Most of the conventional variet ies of broad bean are " top heavy " and tend to lodge 
under favourable grow ing conditions. It appears that o nl y a fraction of the total leaf canopy 
is responsible for the intercepti on of most of the inc ident li ght and therefore there is 
considerable mutual shading, a theory well borne o ut by the observation that prec ision 
planting gives much higher yields than normal drilling and that seed number and seed y ie ld 
per plant increases linearly with the increase in ava ilable space from 200 to 500 cm2 per 
plant. The development of a more open canopy with a termi nal bud cu lminating in an 
inflorescence has been suggested as a means to evo lve a more effici ent plant type. 
Investiga tions are currentl y under way into this aspect at several locations using a top less 
mutant from the variety Primus, deve loped in Sweden . 
Of the different co ntributory characters to yield in broad bean, it has been reported 
that the number of pods/plant was most important and that this was regu lated more by the 
number of pods/node than by the number of nodes forming pods. An analys is of the 
relations between number of podded nodes/pl ant , pods/podded node, seeds/pod, and seed 
weight has revealed s lightly negative correlations or no relations at all. From these studies 
it was concluded that the number of podded nodes/plant was the most important 
yield-determ ining character , although under adverse conditions the reduction in this 
character could be compensated for by an increase in the number of pods/node. There is an 
obv ious need for more detailed examination of the role of these characters as they affec t 
yie ld under conditions of scarce moisture supply and heat stress. 
In general, the varieties grown in the Mediterranean area are more branched than those 
cultivars grown in Europe. This character may be important in stabili zing th e yie ld of the 
crop in dry areas and requires further investigation. 
Flower Drop 
The loss of flowers and young pods may be substantial in broad beans: it has been 
reported, for example , that 86. 7% and 93. 7% of the buds produced by the varieties Baladi 
and Giza I were los t from flower and young pod drop. Dropping apparentl y starts at the 
lower intemodes and progresses upward and intra- and interinflorescence competition 
between the young pods leads to drops from the nonpreferred positions. This problem may 
be compounded in the indeterminate types , where vege tati ve growth continues for a long 
period and overlaps with reproductive growth . It appears that the youn ger fruits have to 
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overcome a lag phase and onl y when suffic ient photosynthates are ava ilable can more 
young fruits begin to develop. It should thus be possible to increase yie ld by reducing 
competition between vege ta tive and reproductive growth through breeding, treat ment with 
growth regu lators , or detopping. Other possible reasons have also been suggested for 
flower drop apart from the deficiency of ass imil ates for the developing reproductive s ink. 
These include: nitrogen s uppl y; hormonal factors; gaseous exchange; temperature and 
humidity in the ca nopy; mineral nutri en t suppl y; and so il mo is ture. One or more of these 
factors may well be responsib le for flower shedding and it is thus necessary to identify the 
prime causes to permit eventual regulat ion of fruit set and yie ld . 
The productivity of the three majo r legume crops produced in West Asia can thus be 
seen to be considerably affec ted by a very large number of physiological and agronomic 
factors , which li mit both the y ield potential and the degree to which thi s ge netic pote ntial is 
expressed in the production of the crops. A deeper and more comprehensive understanding 
of the physiological mechanisms that enable survival and determine yielding ability under 
the harsh dry land conditions of the region will provide a much more solid a nd logical base 
to breeding efforts designed to produce cu ltivars better able to exploit these environments. 
In addition, to ensure that these cultivars actually result in the improved y ie ld for which 
they have the potential under field conditions, studi es of crop agronomy must figure very 
highly in the overa ll strategy for their improvement. 
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The Role of Symbiotic Nitrogen Fixation in 
Food Legume Production 
Rafiqul Islam 
Food Legume Program . /CA RDA. Aleppo , Syria 
Food legumes represent the most economica ll y ava ilable source of protein for human 
consumption , and man y of the leg umes co mpare very fav ourabl y wi th animal protein in 
relation to quality and amino ac id content. Despite the increasing use of nitrogenous 
fertilizers in agriculture (ca . 36 .5 mi lli on tonnes in 1973) , esti mates suggest that 
th roughout the world , biolog ical nit roge n fixati on contributes at leas t five times as much 
nitrogen to the soil as art ific ial fertiliza tion. Hence, in addition to suppl ying the nutritional 
needs of a large proportion of the world 's population, legumes , through their sym biotic 
relation with Rhizabium bacteri a, which are the perhaps most important contributors to 
biolog ical nitrogen fixation, provide the mainstay for the agriculture of the world . 
Biologically fixed nitroge n has several advantages over nit rogen supplied by chemical 
fertiliza tion. Much of a chemica l fertili zer app lied to the soil is made un available to pl ants 
th rough leaching or com bination into insoluble com pounds. The " effic iency value" of 
sulfate of ammonia, for example, is about 30-60%. However, as symbioticall y fix ed 
nitrogen is in the organic form , it becomes avai lable more slowl y and in a different form, 
re ulting in little loss of nitroge n. For this reason a symbiotic fi xation of I 00 kg of nitrogen 
is equivalent to an effective application of considerably more than 100 kg of nitrogen as 
su lfa te of ammonia. In addition to thi obvious advantage, chemica l fe rtilizers are very 
costl y to produce and transport , and many farm ers in deve loping countries cannot afford to 
apply effective amounts of these fertilizers even to such crops as cereals, which have high 
net rates of return . Legume crops, with their generally low returns, are thus rarely able to 
justify application of inorganic ferti li zers in th ese areas. However, the nitrogen-fi xing 
ability of Rhizabia, in assoc iation wi th legume plants, provides an effec tive so lution to this 
problem. Our aim , in promoting the cultivation of food legumes in the deve loping world , 
should thus be to make as much use of thi s important attribute as poss ible in the 
maximization of yields . 
The amount of nitrogen fi xed and the production of dry matter or grain yield vary 
considerably as a res ult of genotypic and locat ional differences and the errors inherent in 
making such estimations. Es ti mations of the quantiti es of nitroge n fixed by different food 
legumes in different locations across the world (Table I) show a wide range in almost all 
crops. This variation may reflect differences in varieties, envi ronments , or husbandry , and 
immediately sugges ts the large potenti al for improvements in nitrogen fi xation and hence 
in overall crop yield . Studies on Desi-type chick-peas in India have shown that the 
application of 150 kg of nit roge n per hectare can in crease grain yield by 62% over the 
control , whereas rhizobial inoculation led to a 651)! in crease . 
Symbiotic nitrogen fi xati on is considerably affected by the various environmen tal 
fac tors outlined in Fig. I . 
A study of nit rogen fi xa ti on at different temperatures in chick-peas has shown that , in 
general, Rhizabia will fix more atmospheric nitrogen at a root temperature of 23 °C than at 
30 °C. However, different strains of Rhizobia appear to vary in their tolerance to 
temperature, so th at the strain Ca-2 fixed 60% as much N2 at 30 °C as at 23 °C, whereas the 
stra in 27 A2 fi xed onl y 17 %. This resulted in Ca-2 fixing four times as much nit rogen as 
27A2 at 30 °C, although the differences in fi xat ion at 23 °C were not apprec iable. Similarly 
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Fig. I. Various e111•iro11111emal factors affecting symbiot ic nitrogen fixatio n . 
The salinity of soil s has also been shown to affect different stra ins of Rhizobia in 
different ways: a stra in iso lated from sa line soil in India produced more nodules and a 
greater nodu le mass than other strain s when tes ted in saline so il s in northern Sudan . There 
is, as yet, however, no indication of whether this advantage will also be refl ected in an 
increased grain yie ld. 
There is considerable variability in both the response of different cultivars of legume 
species (i.e .. chick-peas) to inoc ul ation wi th a si ngle stra in of Rhizobi11111 and the response 
of different strains of Rhizobia when inocu lated into the same chick-pea var iety. This is 
illustrated in Fig . 2 and 3. which show differences in both nodule number and weight of 
nodu le tissue between strains and varieties. Such variation sugges ts that Rhizobia possesses 
a reasonable degree of host spec ificity. and means th at one can. by experimen tat ion, se lect 
a sui tably good Rhizobiwn strain for a give n improved cultivar and , in view of the varying 
responses of stra ins to grow ing conditions. for a given range of environment. 
Microbiology work at !CARDA commenced in February 1978 and spec ial emphasis is 
being give n in these early stages to st udies of nodulation on chick- peas, as thi s is a 
TABLE I. Estimates of nitrogen fixation by some food legumes." 
Crop 
Nitrogen fixation 
Spec ies Common name range (kg/ha) 
Cicer arietinum Chick-pea 73- 103 
Lens culinaris Lentil 83-1 14 
Viciafaba Broad bean 45-552 
Pisum sa tivum Dry pea 52- 77 
Glycine max Soybean 64-206 
Vigna 1111guic11/ata Cowpea 73-240 
Arachis hypogea Gro und nut 72-240 
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Fig. 2. Nodule prod11crio11 of rwo chick-pea c11/rivars when i11 oc11/ared with eighr Rhizobi11m srrains . 
Fig. 3 . Nod11/e risrne developmenr of rwo chick-pea culrivars when inornlated with eight Rhizobi111n 
strains. 
particular problem at the !CARDA site near Aleppo. T hese studies are mainly geared 
toward the iden tification of Rhizobium strains suitab le to the local environment and the 
development of host-strain combinations aimed at maximizing grain yie ld . In addition, the 
program is a lso attempting to identify chick-pea lines that have a superior nodule-forming 
abi lity both unde r conditi ons of low so il Rhizobium population in the absence of 
inoculation, and when inocul ated artificially. Results to date and through observations on 
nod ul e-forming ability in lentils have enab led us to draw up lists indicating the chi ck-pea 
and lentil lines with superior and inferior nodule-forming ability (Table 2). 
During the nodule assays , many hollow nodules were observed, apparent ly as the 
result o f insect damage. The percentage nodule damage was scored for different lines and it 
was possible to identify certain lines that were more resistant and o thers that were highly 
susceptible to attack (Table 3). As this damage could be a major facto r limiting nitrogen 
fixa tion and plant growth , espec ially if it occurs at a cr itical growth stage, more detailed 
tudies of thi s problem are planned for the future . 
This work, together with surveys of nodulation in fa rmers' fields and isolation of local 
Rhizobia, is building up more and more information on the base of variati on available to 
plant breeders in the region and the ways in which this important attribute of the legume 






TABLE 2. Nodule-forming ability in various lines of chick-peas and lentils. 
Crop Cultivar• Source odule no./plant 
Higb-Nodulating Cultivars 
Chick-pea EC-K 201 USDA 18.5 
NEC 82 !NlA, Spain 15 .0 
P-134-1 ICR!SAT, India 14 .5 
NECK210 USDA 12.0 
EC-K 221 USDA 9.7 
EC-K 202 USDA 9.0 
Lentil Local Large Syria 56 .7 
74TA 138 Morocco 56.0 
Giza 9 Egypt 50.1 
EL 833 Egypt 48 .0 
74TA 190 Turkey 34.9 
NEL 827 Egypt 33 .4 
Local Small Syria 33 .3 
Low-Nodulating Cultivars 
Chick-pea F-272 ICRISAT, India 0.3 . 
PG-72-8 ICRISAT, India 0.7 
NEC-K 85 INIA . Spain 1.0 
C-235 ICRJSAT, India 1.3 
NEC-K 139 IPI , USSR 1.3 
NEC-K 170 USDA 1.7 
Lentil NEL435 Mexico 15 .9 
74TA 567 Mexico 17 .7 
NEL44 1 Mexico 20.1 
74TA 550 Syria 20.3 
NEL 924 Iran 22.6 
"Chick-pea, 103 lines tested; lentil. 32 line tested. 
TABLE 3. Resis1ance to nodule damage in lentil culti var . 
Cul ti var Source % nodule damage 
Resistant 
NEL466 Chile 25 .9 
NEL 827 Egypt 38 .5 
74TA 260 Australia 38.9 
Local Large Syria 40.8 
Highly susceptible 
NEL 280 Greece 84.4 
74TA 434 Mexico 80. 1 
74TA 587 USSR 66.9 
74TA 577 Mexico 64.5 
74TA 209 Costa Rica 64.4 
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The ICRISA T Chick-pea Program with Special 
Reference to the Middle East 
K. B. Singh 
The lnrematio11al Crops Research Institute for the Semi-Arid Tropics, Hyderabad, India 
Chick-pea (Cicer arietinum ) seems to have orig inated in western Asia and to have 
spread throughout Asia and North Africa at an early date . On the basis of the most recent 
evidence, Cicer reticu/atum appears to be the most likely wild progenitor of the crop . The 
chick-pea plant is efficient in moisture utili zation, and it thus thrives in semi-arid areas. 
Among the grai n legumes , it rank s third in total world production and second in the Middle 
East , although , as most countries consume their produce locally , it figures on ly nominall y 
in world trade. 
The Production Situation 
Since 1950, as is illustrated be low, although there has onl y been a nominal increase in 















During this same period, the area and production in the Middle East and North Africa 
have increased approximately 200% and 78% respectively , now standing at 707 000 ha and 
586 000 metric tonnes . However , statistics indicate that since 197 1 production from thi s 
region has in fact been declining . The bulk of the world 's chick-pea production is derived 
from the Indian subcontinent (Table 1 ) , with the Middle East and North Africa second and 
third in importance respectively. When seen again st the background of the average world 
TABLE l. Area ('000 ha) , yield (kg/ha), and production ('000 metric tonnes) of important areas of 
chick-pea during 1976. 
% of total 
Important area Area Production Yield production 
Indian subcontinent 9727 6658 637 89.18 
North Africa 383 214 807 2.87 
Middle East 265 250 867 3.35 
Europe 202 105 520 l .41 
(Mediterranean) 
Central America 190° 190° 1000 2.54 
South America 14 9 723 0 . 12 
World 10784 7466 692 100.00 
• FAO estimate. 
Source: FAO Production Year Book, Vol. 30 , 1976. 
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yield the comparati vely high productivity of chick-pea production in the Middle Eas t and 
North Africa is highlighted. This is to a large ex tent a refl ec tion of the importance of the 
crop to the region and the consequent depth of interest in its cultivati on by the farm ers. 
Some Facts about the Crop 
Chick-peas are grown in 34 countri es of the world and of these, 24, including the 
countri es of the Middle East , grow the large-seeded, whit e-coloured, kabuli types 
exclu ively. The remaining 10 countries primaril y produce the small er seeded, mul-
ticoloured desi types , although these occupy more than 90% of the total area under 
chick-pea cultivati on. Jn western Asia. northern Africa. and southern Europe , chick-peas 
are produced as a summer crop. in contras t to the Indian subcontinent. Ethiopia , Mex ico, 
and certain other countries where they are gro wn over the winter months. Only a small 
proportion of the chi ck-pea area is irrigated; mos t of the crop is produced on conserved soil 
moisture with minimum inputs. Until recently, there has bee n a marked absence of 
chick-pea breeding efforts in the world and breeders in the past have worked on a relati ve ly 
narrow genetic base , achiev ing consequ entl y limited success. Sys tematic work on breeding 
for disease resistance has also been very limited, and other problems such as frost and 
winter hardiness , iron chlorisis, and heat , drought . and salt tol erance have remained 
largely unaddressed. 
International Research on Chick-peas 
!CR!SAT , es tablished in 1972 as part of a global effort to increase agricultural 
stability and producti vity coordinated by the Consult ative Group on Intern ational 
Agricultural Research (CG!AR), was ass igned the international responsibility fo r the 
improvement of chick-peas. It has thus become the world coordin ator for chick-pea 
research with a team of agronomists . pl ant breeders. germ-plasm botanists, patholog ists. 
entomologists, physiologists, microbiolog ists, and biochemists contri buting to the acti ve 
improvement of the crop . More recently, with the establi shment of !CARDA in 1976 to 
take responsibility for the improvement of chick-peas (amongst other crops) in the Middle 
Eas t and North Africa, the capac ity fo r research has bee n ex panded. In view of the 
common objectives of both centres. a close working relationship has evo lved between them 
to make the bes t use of the available resources and to avoid undue du plication of effo rts. 
whil e at the same time strengthening the capabilities of th e national research programs 
th ro ughout the region to undertake their own improvement work . Situ ated at Hyderabad in 
India, ICRISAT is well pl aced to gear its primary effo rts toward the des i cultivars , which 
are almost exc lusive ly grown in the subcontinent , whereas !CARDA ' s work is 
emphas izing research into the kabuli types predominantly produced in the Middle East and 
North Africa . 
Research at ICRISAT 
The initial emphas is in chick-pea breeding at ICR!SAT has been geared toward 
increasing the genetic potential of the crop fo r yield . Sys tematic breeding fo r the 
deve lopment of Fusarium wilt-res istant varieties has now bee n initiated and se lection fo r 
oth er characters will be included in the program as rapid scree ning techniques are 
deve loped. 
Breeding efforts are geared toward the generation of material and the de velopment of 
technolog ies for ra in fed and low-input chick -pea culti va tion, and fo r thi s reason nurseries 
are grown , as far as is possible, without irrigati on and with a minimum of fertili zer and 
pes tic ide input. 
To make use of a wide ge netic base , the breeding program in vo lves large-scale 
hybridi zation . Earl y crosses of des i x des i types have produced some very good segregants 
and testing at 13 locations throughout India after bulking in the F5 ge neration has revealed 
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five lines yie lding sig nificantl y better than the local c hecks at all locations. Such results 
indicate that the performan ce of des i types can be co ns iderabl y improved by cross ing 
wi thin the group . At the same time. int ercrosses be tween desi and kabuli types are 
considered to be important to int rogress "y ie ld ge nes" from one type to the other . To date, 
evidence sugges ts a limited scope fo r improving desi types by int rogress ions of kabuli 
gene , but introgress ing desi genes into kabuli types may have some advantage. Thi s is 
illustra ted by the fact that 20 of the 29 kabuli varieties included in recent internatio nal 
nurseries res ulted from intercrosses with desi cu ltivars. Studie of the perform ance of 
backcrosses o f these intercrosses to both parents at two sites in India, and in Lebanon , have 
indicated that material ge nerated at the Hissar site in the north of India may prove very 
useful for the conditions o f the Middle East. Although this find ing still requires 
confirmation , seed of se lec tions made at Hissar is now being furni hed to the co untries of 
the Middle East for further testing. 
Morphological Studies 
Chick-peas are a relatively short crop and it is quite poss ible that the y ield could be 
sign ifica ntl y increased by increas ing plant height. However , the tall , compact , and erec t 
types are at prese nt ve ry prone to lodging, are late in maturity, a nd bear few pods . A 
program initi ated in the 1973-74 season in an atte mpt to remove these weaknesses has 
indicated th at it is now feas ible to develop tall c ultivars with high yields and a nomia l 
maturity. Work in this field has . as a result , been intens ified. 
Disease Resistance 
Chick-pea suffers from a large number o f fungal diseases , of which the most important 
are wilt (caused by Fusarium oxysporum f. sp. Ciceri), root rot (Rhiwc1011ia batatico/a) , 
and blight (Ascochyta rabiei) . 
Laboratory and field techniques for screening for wilt have been developed at 
ICR!SAT and a wilt screening nursery and a combined wilt /root rot screening nursery have 
been established. A large number of segregating populations from crosses with resistan t 
sources were screened in the fi e ld for wilt res is tance in 1977-78. Res istant material was 
identified in all genera tions (F2 to F7 ) and will shortly be made avai lab le to cooperators. 
Ascochyta blight does not occur in the Hyderabad e nvironment and all screening is 
thus carried o ut in an Isolation Plant Propagator in the laboratory. To date more than 3000 
lines have been scree ned, but no o urce with a high degree of res is tance has yet been 
identified , although a number of lines have g iven a rating of 3 on a 1-9 scale. In the future, 
field-screening at the !CARDA s ite at Aleppo , where the in c idence of blight is high in early 
planted nurseries . should g ive more positive results . A number of wild spec ies of Cicer 
have also been screened for blig ht res istance and one accession in the collect ion of Cicer 
reticu/atum has been found to be appare ntl y immune . Work is currentl y under way in an 
atte mpt to transfer this resis tance into two desi cu ltivars. 
There are indications of biotype in both F11sari11111 a nd Ascochyra spec ies and this 
could present problems in achieving stable res istance to these diseases. Inves tigations into 
thi s complication are also in progress. 
Stress Tolerance 
Physio logists at !CRISAT are at present investigating techniques for future 
improvement work des ig ned to minimize the effects of stressful conditions on crop y ield . 
Preliminary drought-screening tes ts under limited moi sture conditions indicate that 
selection for yie ld under stress is not very effective when moisture supply is adequate, and 
that early maturing cultivars tend to perform relatively we ll under moisture stress. Drought 
to lerance per se does not appear to be sufficientl y c losely related to yield to enable this 
c harac ter to be used as an indicator of yielding ability. 
Experiments in progress indicate that the overall level o f salinity tolerance in 
chick-peas is low , as compared to wheat or barley, and lower than other legumes, such as 
pigeon pea. However , there are indications that , at moderate leve ls of salinity , c ultivaral 
differences in to lerance may exist and thus may be exploited in breeding efforts. 
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Cultivaral differences have also been noted in susceptibi lity to iron chlorosis, which 
may cause significant yield reductions in some varieties . Sprays of FeSO. have been shown 
to be u eful in reducing losses in the more susceptible varie ti es. 
Insect Resistance 
Studies of insect damage at ICRISAT have confirmed that He!iOlhis annigera , the 
chick-pea podworm. is the most important insect pest of chick-peas, and that the losses 
caused by this pest are substantiall y higher in the kabuli cultivars than in the desi types . 
Limited observations made over the past 2 years have indicated differences in host 
susceptibili ty to this pe t. and further investigations are currentl y under way in an attempt 
to discover sources of resistance and to deve lop screen ing tec hniques. 
Protein Content 
Over the past 2 years severa l hundred e ntries resulting from crosses made at ICRISAT 
have been analyzed for protein content. T hese studies indicate a range of 13. 7-28.6% 
protein from the lowest to the highest and no differences between desi and kabuli types. 
Seed size does not appear to affect protein content in chick-peas. An experiment to 
investigate the effect of environment on protein content has shown that this factor may 
have a sig nificant effect, and further invest igation continues in thi s field. Studies designed 
to ascertain the mode of inheritance and to develop rapid screening tests for prote in content 
are also in progress. 
International Cooperation 
Since 1975-76. ICRlSAT has been coordin at ing internat ional chick-pea nurseries and 
trials with the objectives of: mak ing availab le elite germ plasm developed by the chick-pea 
breeders of the world to a ll cooperating breeders for testing; ide ntifying genotypes suitable 
for use in the national breeding efforts: and suppl ying segregating populations of material 
to upplement the stocks of nation al and regional programs. All the cooperators are free to 
use any of the material prov ided, or even to re lease a cultivar in their own coun try, but they 
are asked to acknowledge the source. Duri ng 1977-78 the third international chi ck-pea 
nursery in the lCRISAT program was sent out to over 60 locations in 28 countries (Table 
2.) 
The results of the first and second nurseries are at present being com piled and will 
soon be ava ilable to cooperators. It has already become obvious though that many countries 
have found material from these two nurseries very useful in their own research efforts. For 
example , five of the highest yielding F6 bu lks have shown s ubstanti al improvements over 
local varieties in multilocation testing throughout Indi a. conducted in the All Indi a 
Coordinated Trials. 
Training facilities at degree and nondegree levels are ava il able at JCRJSAT and it is 
hoped to expand this program in the near future. 
ICRISAT's Contribution to the Middle East 
Within the overall spheres of research being conducted on chick-peas at JCRISAT , 
there are a number of ways that the centre can supplement and support the work of 
chick-pea improvement in the countries of the Middle East. T hese include: furn ishing seed 
for nurseries and trials of desi varieties; ac tive ly exchanging kabuli breedi ng material 
between the Syrian and Indian centres; providing laboratory and field scree ning facilities 
for Fusarium wilt and root rot disea es. and laboratory screening facilities for Ascochyra 
blight; supplying seed of e lit e material especiall y developed for protein and other quality 
characters , such as insect resistance, nitrogen fixation. etc.; making available the world 
inclusive germ-plasm collecti on for use in I CARDA ' s program; providing training 
opportunit ies for personnel from the region; and assisting in the transfer and adaptation of 
new technologies developed throughout the region. 
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TABLE 2. International nurseries and trials sent out in 1977-78. n 
Material 
Loca cion ICCT. ICSN F3 bulk 
Country No. DE DL K DE DL K Dx D D x K MPT 
Winter Planting 
lndia 29 5 10 5 13 17 5 11 3 
Pakistan 4 4 4 4 2 2 
Nepal I I I 
Bangladesh 2 2 2 
Burma I 
Thailand 2 2 
Philippines I 
Ethiopia I 2 2 
Sudan I I 
Yemen Arab Rp. I I 
Mexico I 2 I 
Chile 2 2 
-..J Peru I 







Jordan I I 
Syria I I 
Lebanon I I 
Turkey 2 2 2 2 
Spain I I I 
Tunisia I I 
Morocco I I 
Libya I I 
Tanzania I 
Total (28) 62 II 23 33 15 6 18 19 16 5 
a ICCT, International Chick-pea Cooperative Trial ; ICSN , International Chick-pea Screening Nursery; MPT, Micro-plot testing; DE , desi-early; DL. de i-late; K, 
kabuli ; A, B, and Care equivalent to DE, DL, and K, respectively . 
With both ICRISAT and !CARDA scientis ts working ha nd in hand with each other 
and with the other scientists of the reg ion in the common goal of improving the productivity 
and stabili ty of th e chick-pea crop throughout the world, this important objective is brought 
c loser with every day that passes. 
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Methods of Population Improvement 
in Broad Bean Breeding in Egypt 
Abdullah M . Nassib , Ali A . Ibrahim , and Shaaban A. Khalil 
Food Legume Research Section , Field Crops fnstitwe, Agrirnltural Research Centre . Giza. Orman, 
Egypt 
The commercial varieties of broad bean currently used in Egypt are the latest in a 
series of varieties evolved through individual plant selection or hybridization in the 
cultivated Egyptian Jandraces, which are mainly of the medium- and small-seeded types. 
These varieties have a rather extended fl owering period and are tolerant to choco late spot 
(Bo1ry1is fabae) and ru st (Uromyces fabae), the most common funga l diseases of the 
country, especially severe in the orth Delta of the Nile . As a result, the large-scale 
distribu tion and adopt ion of these improved types has led to a considerable improvement in 
both the leve l and stability of seed yie ld. 
Selection from thi s rather narrow genetic base has , however , tended to result in 
varieties with very similar branching, flow ering, and fruiting charac teristics, and it seems 
that most of the origi nal genotypic variation available from natural so urces within the 
country has been exp loited. As a consequence, littl e further progress is expected from the 
traditional improvement scheme involving selection from local land varieties. Despite this, 
studies of selected strains collec ted from different parts of the co untry have revealed 
differences in agronomic characters that could be used for further improvement and so thi s 
method still continues to be a part of the overa ll Egypti an breeding program . 
In addition to the selection program, improvement efforts have also focused 
extensively on biparental crosses involving select ions of landraces or landraces and 
introductions and aimed at improving disease resistance and adaptability. However , to 
date, on ly I cross out of 66, NA 29 (Holl and) x Giza I (Commercial variety) has proved 
highly successful. Thi s cross has resulted in the produ ction of two varieties , namely Giza 3 
and Giza 4 , through the pedigree method . Giza 3 is tolerant to fungal diseases and has an 
average seed yield 11 % greater than its parent Giza I ; it is well adapted to production in the 
North Nile Delta region. In contrast, Giza 4 is much more widely adaptable, yielding 5% 
more than Giza 3 in the South Delta and Middle Egypt regions and 6% more than the local 
variety Revaia 40 in Upper Egypt. 
Population Improvement 
In spite of the advances ach ieved by past breeding efforts it appears that line breeding 
based on recombinations from biparental crosses does not permit rapid progress in broad 
bean improvement. New approaches are thu s needed to achieve the improvements in yield 
level and stability th at seem possible . 
Broad bean tands midway between a comple tely se lf-fertilized and a complete ly 
cross-fertilized crop, having on average one-third outcrossing and two-third s selfing . In 
Egypt, considerable variation was found in the percentage of cross pollination, and thi s 
cou ld be attributed to the varying climatic condit ions affecting the prevalence of insect 
pollinators . However, unlike most se lf-fertile crops, broad beans require the ac tion of an 
insect alighting on the fl ower to cause the dehi scing anthers to come in contac t with the 
stig ma (a process known as tripping). So , despite bei ng only 33% cross pollinated, broad 
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bea ns may be co nsiderably reli ant upo n insects . spec ifica ll y wild bees. to give adequate 
fertil iza tion and hence good pod set. Th is is one o f the reasons wh y seed y ie lds te nd to vary 
grea tly between years and locatio ns . depe nding to a large ex te nt on the wild bee 
po pulatio n. 
In Eng land , s tud ies on the poss ibil ity of produc ing a comp letely a uto fertile broad bean 
crop have revea led the presence of many of the necessary characters in ava il able lines but , 
in general , in assoc iatio n with low le ve ls o f seed yie ld and adaptation . The total number o f 
pods per plant has bee n found to be a good se lec tio n index for improving seed yie ld in 
broad beans; howe ver, a negative corre la tio n between seed we ight a nd pods/plant tends to 
limit the improve ment s that are poss ible by us ing thi s criterio n. 
It thus appears that there is co nsiderab le scope fo r improveme nt o f this crop by 
methods a imed at breaking the assoc iation between low yie ld and hi gh autofe rtility levels 
o n the o ne hand and low number of pods per plant and hi gh seed weight on the other . Even 
in the a bsence of linkages be tween c haracters, frequent hybridi zati on is necessary to 
release variability, which is the prerequi site fo r selec ti on . Therefore, a popul atio n 
improve ment program that invo lves continua l cross ing des igned to g ive the maximum 
opportunity for the rearrangement o f genes in link age groups and des igned to provide a 
wide range of genetic bac kgrounds aga inst which the genes and ge ne arrangements ca n be 
expressed seems to be the bes t method of tack li ng thi s problem. In addition , continuo us 
selectio n wi ll be essential so that the improvements ge nerated by each series of crosses are 
accumul ated and concent rated in the population . A system of rec urrent se lec tion , under 
which pressure is appli ed to a free ly intercross ing population and the se lec ted materi al is 
aga in intercrossed and subjected to se lec tion , so that a seri es o f cross ing and selec tion 
cyc les result in continuous genetic improvement , appears to be the breeding method best 
suited to sa tisfying bo th these criteria. Thi s method , by which the popul ation itse lf is 
improved fro m generati on to generat ion , steadily increases the c hance of identify ing 
indi vidua ls with the required combinations of charac ters . These ind ividuals are then 
propogaged as pure lines and form the new var iety for multip li cation . 
Establishing Populations 
Recognizing the potenti al of this breedi ng method , the broad bean improve ment 
program in Egypt has been focu sin g on recurrent selec tion since 1974 . Nine composite 
popul atio ns aimed at achi eving varieties with higher adaptabi lity, disease res istance, and 
good protein qu ality have bee n established in the intervening 4 years. Entries included in 
these compos ites are characterized by genetic di versity and des irable agrono mic 
charac ters. They include cultivated landraces, hybrid deri vative lines selec ted from y ie ld 
tria ls, commerc ial varieties, and introdu ctions . Each entry is represented by 5-10 seeds in 
each composite, which is grown in a I or 2 Saran screen compartme nt (mesh = 20 x 20 mm ) 
of 7 .20 m x 3 .60m x l .80m in s ize . 
Increasing Random Mating by using Honeybees 
To increase both cross-pollinatio n and seed set , a small framed nuc leolus beehi ve (60 
x 45 cm) is placed in each Saran compartment immediately foll owing fl ower initiation . 
The hi ve is suppl emented with a new brood of ho neybees every I 0- 15 days during the 
fl owering season, wh ich usua lly ex tends fo r up to 60 days. Studies us ing a genetic marker 
have indicated that, under these co nditio ns, cross po llinatio n can be as hi gh as 79 .9% . It 
thus appears that this technique is very useful as a breeding method to ensure a free ly 
intercrossing population . 
Recurrent Selection 
Random mating, using the honeybees, is continued in the composite for three seasons, 
the composite in the second and third seasons being composed o f the seed bulk from one or 
two pods sampled from each p lant grown in the previo us season. The re mnant seed bulk 
can be handled as a hybrid bulk popul ation on which the pedigree or improved bulk 
breeding method is applied to identify lines with the des irab le characteri s tics. 
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After three seasons of recombination. the populations are then grown out for 
select ion. Composites destined for se lec ti on wi th regard to disease resistance are grown at 
the Nubaria and Sakha research stations, and whil e th ose to be se lec ted for adaptab ilit y, 
protein content. and oth er charac ters are grown at Seds . Repli ca ted tes ts for y ield 
determinat ion ar e carried out in th e S2 generation at these three locations in add ition to 
Giza. where th e best selected lines from all the locations are grown for se lection and 
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20-100 entries: random 
mating by honeybees, 1-2 
pods/plant are bulked fo r 
random mating next season. 
1-2 pods/p lant are bulked 
for random matin g next season 
Seed bu lked. 
Seds Loe. 1 & 2 fo r disease resis tance, 
loc. 3 fo r adaptability, 500-
1000 plants each. Se lect for 
desirab le characters on si ngle 
plant bas is. 
3 
Seds Short unreplicated progeny rows 
(200-300). Select for desirable 
qualities o n a family basis. 
Giza 
3 
Repl icated tests of 50-100 S2s 
Recycle• in loc. 1, 2, & 3. Same but u nrep li-
~----i cated in loc. 4 where 5 best 
orrtakeb plants per line are se lected 
in screen house. 
aonly the five selections in each of the 10% best performing lines over locations are recycled. 
bofflake for pedigree, selection, or bulk population improvement can be done at all stages. 
Fig. I . Recombination and selection procedure for population improvement in broad beans (Vicia 
faba L). 
With this program it is hoped that se lec ti on from continuously improving populations 
wi ll result in the continuous generation of improved high-yielding disease-resistant and 
adaptable vari et ies suitable for production in Egypt. 
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Pollinating Insects: A Review 
Ara A. Kemkemian 
!CA RDA, Aleppo. Syria 
Pl an t spec ies of econo mic impo rtance are e ither se lf-fe rtil e and can se t seed with the ir 
own polle n. or se lf- infertile, requiring po lle n from other pl a nts of th e same species in order 
to set seed . So me se lf-fertile plants are auto mati ca lly po llinated with poll e n from the ir own 
fl owe rs (self-po llin ating) bu t often the fl owers are so constructed that the poll e n mu st be 
transferred fro m the anthers to the stig mas either by wind or th ro ug h insec ts . The tasks 
required of an in sect po llinator will thus depe nd upon whether the plant spec ies is 
self-fertil e but not self-po llinating, or self-infertil e, a nd the effi c iency per insec t vis it wil l 
va ry accord ing ly. 
Pollination of Vicia .faba 
Broad beans illu stra te the effec ts of po llin ating in sects we ll as they are both se lf- a nd 
cross- fe rtili zed . Insects contribute to seed set in two ways: upon e ntering the fl ower they 
cause the anthers to come into contact w ith the stig ma (a progress call ed tripping), which 
results in se lf-pollin atio n , and whic h may not o therwise occur : and they can cause 
cross- po llinatio n by trans ferring po lle n co ll ec ted from other fl owers recently vi s ited. The 
degree of cross-po llin ati on varies conside rabl y between years and locations . depending 
largely upon th e popul ati on o f po llinators; it can be as high as 801k or as low as 5% under 
fi e ld condi ti ons . With thi s degree of variation autoferti lity is obvio usly an important 
charac teristic in broad beans, as it e nables good yie lds to be produced eve n in the abse nce 
of po llin ating insects . and thereby reduces seasona l yie ld vari ati ons. 
Pollinating Insects 
Broad bean fl owers are quite large and conspi cuous and , hav ing nec taries both at the 
base of the corolla tube and o n the unders ide of the stipule, are fairl y attractive to insec ts. 
The essential po llinato rs o f legumes in genera l and broad beans in parti c ular are 
bumblebees of the genus 8 0111b11s and hone ybees of th e ge nus Apis. These in sec ts have 
suffic ien t body hai rs fo r effec ti ve po lle n transfer: the necessary be hav io ur patterns a t the 
fl ower: and fora ge continuo us ly, vis iting a large number o f flowers e very day. Apart from 
these essential pollinators, o ther insects. especi a ll y Diptera11 s from the genera Eris ta/is . 
Syrphus. Platycheirus, Rhi11gia, Ca /liphora , Lucilia . Sarcophaga, Bibio . Dilophus. and 
8 0111bylius, are cons ide red to be use ful econd ary po llinators . 
Within the genus 8 0111b11s, some species of bumble bee (e.g., B. /11con1111 and B. 
terrestris ) may coll ec t the nectar by b iting ho les into nectari es a t the coro lla base . They 
thus do not enter the fl ower and are not effec ti ve at e ither se lf- or cross-po llinatio n . 
However , o ther species. such as B. agroru111 a nd B. hortor11111 have proved to be exce lle nt 
po llinators . 
The po llinating potential of a s ing le honey bee co lony beco mes ev ident whe n it is 
rea li zed that its bees make up to 4 milli o n forag ing trips per year and th at during eac h trip 
an average o f abo ut I 00 fl owers are v isi ted . Estimates of the number of colonies needed to 
effec ti ve ly pollinate a g ive n area of c ro p vary considerab ly and are us uall y based o n the 
ex pe ri e nce and assumptions o f indi vidu al growers . The rat e o f 2. 5 colo ni es per hec tare has 
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been quoted extensively; however , the population required will obvio usly vary considera-
bly with the concentration of flowers, their attrac ti veness and the percentage that are open 
at any given stage of flowering, competing insects , crop species, and location, so it would 
be misleading to quote fl at rate figures . 
Bees are attracted to flowers and recognize them by their colour, shape, and smell. 
They are ab le to distinguish four qualities of colours (yellow, blue-green, blue, and 
ultraviol et) and when they are working flowers of a single colour , tend to become 
co'1ditioned to that co lour and fail to visit different coloured flowers. However , when a 
species has flowers of more than one colour, bees readily change between them and thus 
may be seen to ignore colour as a distinguishing character. Bees are also able to learn the 
general shape of flowers and the general form of plants , but their visual perception is slight 
and they readily move between tall and stunted pl ants and flowers at different stages of 
openi ng . Although the ge neral form of the plant and the co lour of its flower seems to guide 
bees from a distance, these insects have a highly developed sense of smell , and scent 
apparently provides the stimulus to alight on the flower when a bee is close to it. It has been 
shown that the add ition of a strange scent to flowers will discourage foragers from visiting. 
Pollination Control 
From a breeder's point of view , pollination contro l implies two aspects: the need to 
increase cross-pollinati on as a breeding tech nique on the one hand ; and the need to reduce 
cross-pollination to ensure purity of lines on the other. 
Studies are under way to determine the best way of distributing colonies among crops 
so that foraging and the proportion of flower visits is increased. Various cultural methods, 
including fertilizer use, the presence or absence of irrigation , plant spaci ng , and the use of 
wind breaks , have been investigated in an attempt to improve the attractiveness of crops. 
Whenever practicable, the arrangement of competing crops so that they flower at different 
times and restriction of the acreage of any one crop reduces the dilution of the pollinators 
and results in improved pollination . 
There appears to be a relation between the intensity of a pollen 's odour , its 
attractiveness to bees, and hence its selection. It has been reported that pollen contains 
phytosteroles that attract bees and has been further demonstrated that the removal of 
materials contained in a hexane or ethyl extract of pollen results in a rejection of the residue 
by bees , despite its con taining over 97% of the dry weight and the bulk of the nutritive 
substances. Further studies have isolated and identified a C 18 straight chain trienoic acid 
that was highl y attractive to honeybees and that , when added to a dish of cellulose powder , 
precipitated 15 times as many visits from foraging bees as similar control dishes. The 
artificial synthesization of such attractants and the ir use in target crops may prove an 
effective way of increas ing visits by bees and conseq uently pollination. 
The control of po llinators to reduce cross-pollination is an altogether more difficult 
task. At present the onl y fully effective method of excluding bees from the crop is to isolate 
it with in a cage. However, little work has been carried out on this problem and the use of 
varieties bred for flowers with long corolla tubes, attractive crops planted around the 
desired bee-free area , and insect repellants are subjec ts deservi ng attantion in future work 





Food Legume Improvement 
at the 
National Level 
The Training and Communications Program 
at ICARDA 
S . Barghouti 
/CA RDA. Aleppo. Syria 
The tra ining and communications effort at !CARDA is desig ned to assist m the 
process o f exchange of informatio n , kno wledge , sk ill s, and techno logy related to the 
development and improvement of food legumes. To this end , staff from the Training and 
Communications Program and the legume sc ienti sts at I CARDA have been working c losely 
together in the development of a series of training courses, conferences , workshops and 
seminars, educational materials and aud iovisual aids, and public information materials 
featuring current efforts and results of fi e ld research. While providing the necessary 
support fo r ICARDA ' s research efforts, this program also addresses itself to the needs of 
the national research institutions for technical informatio n and trained manpower. More 
spec ifica lly the objectives of the food legumes training and communications efforts are: 
• to provide researc h workers from the region with training opportuni ties leading to 
a better understanding of ne w skill s and a comprehe nsive know ledge o f food legume fie ld 
research methods; 
• to make available to researchers the necessary scientific information concerning 
effec ti ve research technology and findin gs related to food legume improvement in the 
Middle East and North Afr ica Reg ion; 
• to bring together researchers from various countries to di scuss problems and 
exchange ideas and strategies concerning the improvement of food legume research and 
production; 
• to assess the st ructure, nature, and limitatio ns of current food legume research and 
prod uction efforts wi thin the reg ion; 
• to develo p, with the national research programs, methods and strategies for the 
identification of research problems re lated to food legumes at the local leve l in each 
country; 
• to es tabli sh a common unders tanding of the major problems of research and 
development of food leg umes and the ir place within the farm ing sys tems of the region . 
To accompli sh these objectives , the Training and Communications Program focuses 
its efforts on four main thrusts: 
( 1) The conducting of training courses at various levels of technical skill for research 
personnel in the region; 
(2) the production of publications , new sletters , and other illustrative materi als 
required fo r publicity , technica l informatio n di ssemination , or educational purposes; 
(3) the organizati on of workshops , confere nces , sem inars, and field days re levant to 
the issues and problems concerned with the research and deve lopment work carried o ut at 
!CARDA; 
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(4) the coordi nation and support of cooperative research both between !CARDA and 
the research efforts of the region and between the national programs themselves . 
These areas are seen as the fundamental fun ctions ex isti ng within the overall sphere of 
communication itself. They are considered as being intimately connected so that efforts in 
any one sector prov ide benefits to the sphere as a whole. 
The Training Program 
Priorities and Guidelines 
This program is aimed and geared toward several different levels of education and is 
seen as serving the dual functions of increas ing and improving cooperative work and 
generating publici ty, as well as its more bas ic ro le of increasing the technical expertise of 
the participants . The program is structured to provide three main types of training. 
In-Service Training 
At the present time the main emphasis of !CARDA' s training efforts has been placed 
on the middle level research personnel from the national research programs of the region. 
The bulk of these people have not enjoyed in-depth academic training; some of them are 
not university graduates and many of those who are have littl e experience in the theory and 
practice of fie ld research . Through res idential courses , varying from 2 weeks to 8 months 
in length , it is aimed to provide such participants with the training necessary to effective ly 
bridge the gap between the high level theorists and the low leve l techn icians at present 
existing in many of the research efforts of the region. 
Observations have indicated that research as a job must be learned by experience . In 
recognition of this, !CARDA ' s in- service courses emphasize field training and the 
acqu isition of practical ski ll s related to research work. These skills are taught alongside a 
background of theoretical scientific train ing, which aims to give the partici pan ts sufficient 
confidence to effect ively undertake practical work and at the same time provide them with 
the scientific knowledge essential to the structuring and implementation of effective 
research work. 
Degree-Related Research Training 
Through the prov ision of opportun iti es to conduct relevant thesis research under the 
gu idance and supervis ion of ICARD A scientists, this program aims to give graduates at the 
M.Sc. and Ph.D. levels the field experience and spec ialized training necessary for the ir 
future work with the research efforts of the ir own countries. 
Training with Universities 
Students from agricultural faculties of uni versities in the region are encouraged to 
work on !CARDA field ex periments to ga in practical research skills under the supervi sion 
of the scient ific staff of !CARDA. At present , this activ ity is limited but it is hoped that as 
facil ities expand, the program will be able to cater for an increasing number of participants 
from neighbouring co untries. 
Organization 
The Training and Communications Program has admin istrative , organiza tional, and 
educational responsibility for these activ iti es . T he courses themselves are run under the 
supervision of sen ior research personnel from the Food Legume Program, together with a 
training officer who is qualified in agronomy and charged with the development of 
educational materia ls and instructional techniques, as well as the overall course 
organization . 
Current training ac ti vities are confined almost exc lus ively to the training of middle 
level personnel th rough in-service courses, which usually span the croppi ng season from 
February to July. The participants spend the bu lk of their time in the field putting into 
practice the main concepts and skills necessary for a successful legume research program . 
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In addition, lectures, manuals. and other educations! materials, focusing on both 
theo retical and practical research methods rel ated to the deve lopment and improvement of 
lentils, chick-peas, and broad beans are provided as a supporting core of background 
information . The course , apart from providing the participants with the necessary 
knowledge of legume research , also aim to g ive them a comprehensive overview of the 
position of food legumes in the economi c, social , and farming systems of the region . 
The Publications and Communications Service 
Guidelines 
The main functi on of th is component of the overall Comm unicati ons Program is the 
provi sion of information. The in form ation services provided by the program fa ll into four 
majo r categories: 
(1) the provi sion of information. in the form of technica l reports and comprehensive 
descriptions of experiments and trials undertaken and results obtained at I CARDA or at any 
of the national research institutions, to collaborating sc ienti sts: 
(2) the deve lopment and provision of educational materials and training packages, 
including manuals , visual aids, and o ther material s , based on the research work being 
carried out at !CARDA , both to trainees at !CARDA and to national programs wishing to 
initiate their own training components; 
(3) the provi sion of general reports and other informative material to the public, 
specifically agricultural planners, donor agencies , and other interest aud iences, to enable 
them to stay abreast of the latest developments and achievements at !CARDA and 
throughout the region as a whole; 
(4) the assistance, where necessary, of the communications effo rts of national 
programs in the region, involving the preparation and production of technical reports, 
information , and educational materials related to the improvement and production of food 
legumes. 
Organization 
To fulfill these functions, the following pub lic ations are being produced: 
• An !CARDA Newsletter, publi shed quarterly in English, French , Arab ic, and 
possibly also Farsi, providing general in fo rmation on developments at !CARDA for a very 
wide audience. 
• A Food Legume Newsletter , published biannually and focusing on food legume 
research , development , and improveme nt at !CARDA , in the reg ion, and at other 
international centres and research institutions. This publication is designed for di stribution 
to collaborating national programs. government offic ials, and research workers in the 
reg ion. 
• An Experimental News Service (s imilar to that already deve loped in Canada for 
lentil s) covering all aspec ts of broad bean research arou nd the world and aimed at all 
sc ienti t involved in the improvement of this crop . 
• Annual Technical Reports on ac tivities and accompli shments at !CARDA. and 
Special Reports on spec ific projects. These are directed toward policymakers , agricultural 
planners, and other concerned audiences. 
• Comprehensive Scientific Reports, with detailed descriptions of the design , 
implementation, and resu lt of experiments carried out at !CARDA, for dissemination to 
scientists in other international and national inst itutions concerned with food legume 
research . 
• Popularized articles, publications, and monographs related to food · legume 
production projects undertaken or supported by !CARDA . These articles will be written by 
local and international journalists and writers and geared for the lay man and other 
audiences not invo lved with the technical aspects of agricultural research. 
• Training manuals , technical publications , and booklets in support of !CARDA 
training courses and fo r use by research personnel at the national leve l. All this material 
will be published in English and translated through special contracts at the local leve l to 
ensure applicability and relevance to the local situations. 
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Conferences and Workshops 
This component o f the Training and Communications Program is involved with the 
organ ization, together with participating scientists , of conferences , workshops, seminars , 
and field days related to ICARD A ' s activities. It is closely integrated wi th the other 
communication functions so that in add ition to its primary role, it also provides 
opportunities for trainees to gain experience through participation, stimulates the 
strengthening and promotion of increased cooperative ac tiv ities at all leve ls, and generates 
material for publicat ions to serve a variety of purposes. 
Specifically these activities involve the o rgani zation of: workshops related to 
problems of food legume production and improvement within the region ; sem inars and 
sympos ia re lated to spec ific problem areas identifi ed by ICARDA or the national legume 
research programs; and field days designed to demonstrate to national research workers the 
operations and achievements of food legume research at I CARDA . 
Cooperative Support Service 
Work in this fi e ld involves supporting ICARDA'a efforts in es tablishing cooperative 
programs and thereby strengthening its co ntribution to national research and produ ction 
programs . Furthermore , this service will provide the necessary support to !CARDA 
sc ientists in the planning and implementation of cooperative projects aimed at the effec tive 
transfer of newly developed technologies to the national research efforts of the countries of 
the region. Activities primarily involve ass isting in the organization of training and 
research workshops and conferences at the national and local level , together wi th the 
collection , interpretation , and dissem inat ion of technical inform ation concerning the 
countries of the region and information feedback to these countries about the resu lts of 
!CARDA 's research and training activ ities. 
The four components of the food leg ume training and commu nications efforts at 
ICARD A, namely, training, information provision , conferences and workshops, and 
cooperati ve act iviti es, are organized by communications and legume research personnel in 
very c lose association. These efforts are providing a channel through which the legume 
improvement work of !CARDA is becoming closely linked with the other re levant research 
efforts, both within the region and throughout the world. Such strong and developing 
linkages are helping to ensure that the work of ICARD A is finely tuned to the real problems 
of food legume production and improvement facing the farmers of the region, and that 
!CARDA and the national research efforts of the region work hand-in-hand toward the 
solution of these problems and thereby bring closer their common aim of increased and 
more stable food legume production . 
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FAO Food Legume Programs in the 
Middle East and North Africa 
Hazim A. Al -Jibouri and A. Bozzini 
Plant Prod11ction and Protec tion Division. Food and Agric 11lt11ral Organiza tion . Rome. / ralv 
Broadly defined , food leg umes in clude the group of crop spec ies of the fami ly 
Leguminosae that are consumed by hum an be ings e ither direc tly as mature dry seed , 
immature green seed or green pods , or indirectly as vege table oil. Food legumes consumed 
as dry seed are o ft en referred to as g rain leg umes or pul ses. 
Food legumes are o f special soc ial and economic s ignificance because they provide an 
important frac ti on of vegetable protein , o il , and calories to the diets of the ru ral poor. In 
addi tion , these crops are of hi gh va lue to agriculture as a res ult of the ir ability to ma intain 
soil fertility th rough nitrogen fi xat io n. They are widely c ultivated by small ho lders for 
domestic co ns umption , and are frequently grow n as subs iste nce cro ps o n margin ally 
produc ti ve land. 
Yields o f pul se crops in many developing countries are generally very low re lati ve to 
other food staples, espec ially cereals. and to legumes produced in the more deve loped 
countries. The low yields and low overall productivity may be attributed to many major 
constraints. which inc lude : the inadequate appreciation o f the importance o f the crops by 
po licymakers and planners; the strong competitio n exerted by other main food and cash 
crops yielding a hi gher economic return , resulting in the repl acement o f pulses by more 
profitable crops o r the stagnation of area and production , such as has occ urred in the 
Middle East and North Africa (see Table I ); the lack of e ffec ti ve research programs and 
TABLE I . Area ('000 ha) and yield (kg/ha) of food legumes in the Middle East and North Africa . 
1961 -65 (avg) 1976 
Country Area Yield Area Yield 
Afghan is tan 28 1585 35 1624 
Algeria 66 526 98 768 
Egypt 242 1697 168 2117 
Iran 198 835 173 1040 
Iraq 42 851 56 722 
Jordan 48 630 23 359 
Lebanon II 1033 21 907 
Libya 6 351 7 988 
Morocco 403 603 567 853 
Pakistan 1674 511 1477 531 
Saudi Arabia 2 1593 3 1643 
Sudan 47 1090 72 1073 
Syria 194 775 231 738 
Tuni ia 84 395 133 626 
Turkey 570 1038 613 1235 
Yemen Arab Republic 37 1021 75 1221 
Total 3652 3752 
Source: FAO Production Yearbook, Vol. 30, 1976. 
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ex perienced personnel, and the consequentl y minimal amount of varietal improvement, 
introduction , evaluation, and germ-pl as m conservatio n work under way in many of the 
countries of the regio n; the e mbryonic state of development o f many of the seed 
mutlipl ication and distribution e fforts; and the de fi c iency o f production technologies 
designed to maximize resource use and pathways through which suc h information can be 
channeled to the farmin g community. 
In recognition of the importance of food legume crops to agricultural development in 
many of the less deve loped co untries, the post of'' Ag ricultural Officer - Food Legumes '' 
was created at FAQ headquarters in Rome . The incumbent of this post is directly 
respons ible for matters in volving the improvement and implementatio n o f programs related 
to improving productivity . 
Further involve ment in the field of grain leg ume improveme nt arises from FAQ's 
position as one of the three cosponsors of the Consultative Group on International 
Agricultural Research (CGIAR). The CGIAR has in turn sponsored the es tablishment of 
nine Intern ational Agricultural Research Centres (JARCs) , five of which are actively 
invo lved with research and deve lopme nt programs on a wide range of legume crops, which 
include broad bean, dry bean , c hick-pea , cow pea, groundnut , lentil , mung bean, pigeon 
pea, winged bean, and soybean. 
The Food Legume Production Program 
FAQ's g lobal program designed to improve food legume production both quantita-
tively and qualitative ly involves three main spheres of activity: genera l agronomy , research 
and training, and liaison and info rmation. 
General Agronomy 
Within thi s area, FAQ organi zes intercountry cooperati ve variety trials aimed at 
identifying high-y ieldin g varieties with improved agronomic charac teristics and wide 
adaptability; support the development of suitable agro techniques, which include better 
crop management and improved pre- and postharvest techno logy ; promotes the expansion 
of food legume production into new areas through the encouragement of intens ive 
production methods , such as intercropping , mu ltiple cropping , and the development of 
suitab le farming strateg ies aimed at better utilization of land and water reso urces and an 
increased income per unit area; and a ttempts to de termine the quantitative requirement for 
food legume seed and to identify potential national and intercountry level, medium- to 
long- term seed production programs that could be developed to meet this requirement , 
together with the necessary investment costs. 
Research and Training 
FAQ is involved with the promot ion of intensive pl an t breeding programs designed to 
ident ify high-y ielding and hi gh quality pul se varieties with improved nutritive value and 
plant ideotype. In addit io n , considerable suppo rt is given in the strengthening of national 
research efforts to improve these programs and increase the ir technical manpower , 
faci lities , efficiency , and effecti veness. FAQ cooperates in the collection , conservation , 
utilization , and exchange of plant material and geneti c resources and is instrumental in 
organizi ng tra ining courses, workshops , and sem inars fo r wide audiences. Such courses 
involve breeders, agronomists , extension workers , farm managers , a nd farmers and are 
aimed at developing increased national compete nce in the solution of problems at the farm 
level. 
Liaison and Information 
The development of suitable regional cooperation in research and development of 
food legume crops is considered to be of great importance , a nd FAQ is act ive ly involved in 
es tab li shing linkages betwee n releva nt regional and international centres, institutes, and 
programs to facilitate the free exc hange of material s and information . FAQ also ac ts as a 
186 
collector. processor. and disseminator of inform ation rela ted to the most efficient and 
effective technolog ies fo r food legume product ion and improvement. 
Current Program Activities 
Within the overall g lobal fram ework o utlined, FAO"s c urre nt food legume program in 
the Midd le Eas t and North Afr ica in volves a large number of interrelated projects covering 
all FAQ 's spheres of activ ity. 
General Projects 
Since 1951, under the auspices of the United at ions Development Program (UNDP), 
FAQ has been ass isting the cou ntries of the region th rough a variety of projects of varying 
size, embrac ing gra in leg umes as an important compone nt of the development of food 
crops in genera l. Furthermore , through its reg ular progra m , FAQ staff, based a t 
Headquarte rs in Rome and a t the Regiona l Office in Cairo, provide tec hnical adv ice and 
policy guide lines for the opera tio n of improvement programs in specific co untri es. 
A project concerned wi th a coordinated and cooperat ive program of improvement and 
product io n of cereals, food legumes , and o il seeds has been under way in the Near East and 
North Africa for several years. Thi s project invo lves programs carried o ut in co llaboration 
with the national research ins titutes of 22 of the countries of the region and is coordinated 
by a Regional Food Legume Officer located in Teheran . The work of the project includes: 
the organization and assis tance of multidisc iplin ary nationa l research task forces; the 
conducting of, and preparat ion and distrib ution of the res ults of cooperat ive yie ld tria ls 
involving promising varieties of food crops; and the identification of national needs for 
additiona l manpower. 
Field performance trials on five food legumes, name ly chick-pea, dry bean. broad 
bea n , cowpea, and lenti l have been operated in seve n countries of the Middle East s ince 
1974. 
A large-scale project is currently being co nsidered , in cooperati on with the Swedish 
International Deve lopment Agency (S IDA ), for impleme ntation in Bang ladesh , Egypt. 
Ethiopia , Indi a, Iran , Pak istan , and Turkey. This project a ims to link re levant research in 
developed countries with that in developing countries. promote intercountry cooperation 
through training, and aid in the more widespread dissemination of in forma ti on and material 
between countries. 
Genetic Resources Acti vities 
The International Board for Pl ant Genetic Resources (!BPGR ). the secretariat of 
which is loca ted at FAQ headq uarters, is supporting nationa l genetic resources programs in 
several co untr ies of the reg ion, and encouraging. as far as is possible, regional and 
interregional cooperation in these activities. Under a new IBPGR project, two pl ant genetic 
re ources scienti sts have been sta tioned in Iran, where they are assis tin g with the 
development of the Iranian program, as do com parable un it s in Syria and Afghanistan . 
Collection missions involv ing food leg ume species have bee n undertaken in cooperating 
countries and additional missions are planned for the near future. 
Specific Research Projects 
A project involving disease and pest res istance in gra in legumes is c urrently being 
conducted in Morocco under the International Program o n Horizontal Resistance (IPHR ). 
initiated by FAQ in 1975. The main problems being addressed are blight and leaf miner 
attacks in chick-peas. and infes tations of the parasitic broomrape (Oroba nche) in broad 
beans. Methodologies for e ffecti ve transfer of resistance through breeding are a t present 
being developed for both crops and these will be used in this , and hopefully other similar 
projects, to build a high degree of horizontal disease and pest resistance into these crops. 
In 1977 , FAQ es tablished an Action Program for the Prevention of Food Losses 
in Cereals, Grain Legumes, Roots and Tubers. This project is specificall y designed to 
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ass ist developing co untries in the ir efforts to identify food losses that occur throughout the 
po tharves t system , and to pl an and imp lement national programs to reduce these losses. 
Seed Production and Distribution Activities 
The deve lopment of sound national seed mult iplication and distribu ti on programs fo r 
the production of quality seed of new ly developed high-y ielding varieties is considered of 
vital importance by FAO. To this end , the FAO Seed Improvement and Development 
Program (S IDP), wh ich started ac tivities in 1973, is now providing assistance to 73 
countries (including all of the Middle Eastern and North African nations). SIDP ac ts as a 
fo rum for the channeling and coordination of ass istance offered by governmental, 
nongovernmental , and international institutions in the development of seed production, 
quality control , and distribution ac ti vi ties. It ass ists in the identification, formu lation, and 
implementation of national seed programs and field projec ts at all stages , wi th the overall 
objec tive of enabling countries to become self-suffi cient in seed production . 
At its headquarters in Rome, the FAO Seed Exchange Laboratory handles between 
60 000 and 100 000 seed samples an nuall y and is continuously supply ing countri es of the 
region with seed for ex perimenta l work. Food legume seeds distributed include broad bean , 
chick-pea , dry bean , lent il , mung bean , pea, groundnut , cowpea, and soybean. Materi al 
for distribution under this program is obtained from various sources: soybean from 
INTSOY (the Intern ational Soybean Program) based in Illinois, USA, and the International 
Institute for Tropical Agriculture (I IT A) in Nigeria; chick-pea from the Intern ational Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT) in India; cowpea again from IIT A; 
and mungbean from the Asian Research Centres. 
Wi th fin ancial support from the government of Bahrei n, FAO also operates a regional 
project for the supply of seeds in bulk (up to several tonnes) to the countries of the region . 
To date , thi s has involved supplying improved seed of soybean and groundnut varieties to 
Egypt , Pakistan , Syria, and the People's Democratic Republic of Yemen for ex tens ive 
te ting and early multiplication. 
Training and Conference Projects 
In coll abora tion with the Danis h International Deve lopmen t Agency (DANIDA) , a 
4-month training course concerned wi th the improvement and produ ction of food legumes 
was organized in 1975. This course involved 16 participants from 10 countries of the 
region and its success has prompted a simil ar, but longer duration , course to be arranged 
for 1980, together with an appreciable increase in the training opportunities offered to 
legume research personnel in the reg ion. 
Also in operation is a projec t aimed at strengthening national institutions through the 
training of scientists in fi eld food crops, sponsored by the Kingdom of Saudi Arabia . This 
project has two aspects , namely a 12-month gro up tra ining program o n systems of fa rming 
in rainfed areas conducted at Roseworthy Agricu ltura l College in South Australia on an 
annual basis ; and a training program on production of important field crops, which offers 
fo ur fellowships on soybean production agronomy and two on groundnut production 
agronomy at uni vers ities specializ ing in these fi e lds. 
The Second FAO/SIDA Seminar on Field Crops in Africa and the Near East, attended 
by 146 participants was he ld in 1977. An important section of thi s seminar was devoted to 
the problems of food legume production and the strategies for the improvement of these 
crops. 
Information Services 
The collection and dessimination of information concerning new deve lopments in 
crop improvement and production methodology is a very import ant part of FAO' s central 
assi tance role . This is ach ieved through the preparation of technical publications (three 
recent technical papers have been devoted to food legumes), and the documentation and 
indexing of current materials. 
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FAO provides the coordination for a ll the activities of the Internat iona l In formation 
System for the Agricult ura l Sciences and Technology (AG RIS ). This is a decentralized 
sys tem that coll ec ts in fo rmation from participating co unt ries and o rgani zations, processes 
it , and then provides se lec ted in forma tion to field workers, research organi zations . 
educational in stitutions. and other interested parties through a worldwide current 
awareness service and a network of informati on and documentation centres divided into 
subject matter or geographical location. 
Another mechanism fo r in fo rm ation disseminat ion located at the FAO headquarters is 
CARIS (the Current Agric ultural Research Information Serv ice) . CA RIS is a cooperative 
system that provides deve lo ping countries with in formation on current research at various 
instituti ons and in various programs th roughout the world. Its basic ai m is to improve 
com municatio n between research efforts to evaluate their adequacy and thus ide ntify major 
gaps and weakne ses in the overall sphere of agricul tural research , thereby assisting in 
decision-making at both the nati onal and internationa l levels. The CA RIS project i , 
mo reover, an attempt, the first of its kind in the world , to make as comp lete an inve ntory as 
possible of the sum total o f agricultural research efforts in the developing countries. 
Assistance Available 
The projects and act ivities outlined are examples of the wide range of work at prese nt 
being undertaken by FAO in the important field of supporting and promoting 
improvements in food legume production across the world as well as in the Middle East and 
North Africa region . FAO is committed to cooperate wi th and ass ist member governmen ts 
and institutions concerned with food legume production and improvement , as much as its 
resources permit , along the fo ll ow ing lines: 
• FAO has a long and w ide experie nce in project identi fica tion, preparation, 
appraisal, and implementation and in the methods of acquiring suitable financing. 
Assistance in any of these areas will be glad ly g iven; 
• FAO has a strong and ex panding training program for the development of research 
and technical manpower at all levels and would welcome furth er participation in these 
activi ties ; 
• FAO has recentl y initiated a new technical cooperatio n program under which 
assistance up to the value of $250 000 is granted to any projec t of I year 's duration 
requested by member governments , ubjec t of course to it meeting certai n criteri a; 
• The services offered by the FAO SIDP are a lways ava il able for utilization; 
• The FAO Seed Exchange Laboratory will suppl y seed samples and genetic material 
of food legume crops to scientist of the region on req ue t; 
• Prov ision for holding meetings, consultations, sem inars . and workshops at FAO is 
always made if such ga therings are programmed and planned well in advance; 
• Under FAQ's regular program , short-term consultanci es can be commissioned 
when adv ice is urgently req uired fo r a ny part icular si tu at ion; 
• FAO's information gathering. documentation, and dissemination sys tem is unique 
in its scope and geographica l coverage. This system is ope n to use by all interes ted 
sc ie ntists, researchers, and institutes in the reg ion; 
• FAO will maintain ac tive and strong relations with national, regional, and 
internationa l inst itutes and centres located in the Middle East and North Africa and 
concerned with aspects of food legume improvement and production, and will a lways be 
available to assist in any of these ventures. 
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The Food Legume Improvement and Development 
Program of the Field Crops Section at ACSAD 
L. R. Morsi 
T/1e Arab Center for Studies of th e Arid Zones and Dry Lands ( ACSAD). Do11ma. Damascus , Syria 
Wheat, barl ey, sorghum , len til , chick- pea, and broad bean are the ma in food cro ps 
cu lti va ted in the arid and sem i-arid areas, and are cons idered to be of vita l importance as 
ources of nutriti on in the countri es of the Arab world. To increase the production of these 
crops ho ri zonta lly is difficult , if not imposs ible, in man y o f these countries due to the 
severely limited amount of land that can be used for rainfed ag ri culture . Any increases in 
produc tio n must thus ar ise primar ily through vertical ex pansio n (i.e., increas ing the yie ld 
per unit area). This may be achieved through a comb in ati on of crop development through 
breeding , and adaptation of high-y ielding variet ies to the conditions o f the regio n; 
development of cultural methods and practices des igned to conserve soil moisture and 
ens ure its most effi c ient utili zati on by the crops; and evo lution of productio n machinery 
and methods specifica ll y designed for dry land agriculture. 
To thi s end , the Field Crops Section of the Arab Center for Studies of the Arid Zones 
and Dry Lands (ACSAD) has been es tabli shed to combine the efforts o f speciali sts from the 
Arab countries and the avail ab le physical resources of the reg ion into a program aimed at 
deve loping crops that wi ll produce high and stable yie lds under the preva iling low and 
var iable rainfa ll condi tions of thi s part of the world . 
Most of the fi e ldwork at ACSAD is carried out at lzra'a, in southern Syria , which has 
a Medi terranean-type c li mate with an average annual rain fa ll of 300 mm. The soil s of this 
area te nd to be of the terra rosa type. 
The Food Legumes Research Program 
Thi s program , which was initiated in 1977 , focuses on the improvement of the three 
major food legumes of the region, namely , le ntils, chick-peas and broad beans. Research 
wi ll initiall y be direc ted toward the developme nt of improved varieties and production 
practices spec ifically suited to the drought region of the Arab world, through an 
interdisciplinary approach invo lving breeding , ph ys io logy , agronomy , weed contro l, 
mechanizat ion , microbio logy , and seed quality. It is pl anned to comme nce a regiona l 
nursery program , distribu ti ng screening/observation nurseries, fi eld trial s, and segregating 
populations to cooperators in Arab countries in 1979. 
Work on food legumes during the 1978 season invo lved the tes ting o f segregating 
populat ions , observatio n lines, yie ld tri als, and other spec ifi c nurseries received from a 
number of different sources in the reg ion . 
Segregating Populations 
A collec tion of populati ons from vario us sources is at present being studied to ide ntify 
germ plasm that may be of va lu e for crop productio n under dry land conditions. Some 
crosses between promis ing lines are planned for the 1978-79 season . 
Observation Lines 
Since the 1975-76 season. observation lines have been maintained for the three main 
leg ume crops. These lines are a composite of a number o f local se lec tions together with 
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material received from regional and international nurseries. Lines planted at lzra'a in the 
current season include: 
The Lentil Regional Nursery (LR -78) 
The Chick-pea Regional Nursery (CR -78) 
The International Chick-pea Observation Nursery 
The Broad bean Regional Nursery (BRN-78) 
The Arabian Broad bean Observation Nursery 
The Arabian Chick-pea Observation Nursery 
The Arabian Lentil Observation ursery 









Six of these tri als were pl anted during the 1977-78 season. These were: 
The Lentil Regional Preliminary Yield Trial (LRPYT-78) 
The Lentil Advanced Yield Trial (LA YT) 
The Chick-pea Regional Preliminary Yield Trial (CRPYT-78) 
The Broad bean Regional Preliminary Yield Trial (BRPYT-78) 
(large-seeded) 
The Broad bean Regional Preliminary Yield Trial (BRPYT-78) 
(smal l- eeded) 








As the legume research work at ACSAD expands in the coming years, it is looking 
forward to increas ing and fruitful cooperation with other research programs and 
international agencies. In this way al l the related agricultural research in the region can 
work together toward the common goal of increasing agricultural productivity, especially 
in the more marginal areas of the region. 
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The Role of IDRC in Food Legume Improvement Research 
F. Kishk 
lmernational Development Research Centre, Middle East Regional Office, Heliopolis, Cairo, Egypt 
The importance of food legumes, particularly in the diets of the poorer and less 
well-nourished people of the world, is a well-established fact. In most of the developing 
countri es, most of the poorest people, especially in the rural areas, derive perhaps 75% or 
more of their nutritional requirements, in terms of calories and prote in, from plant sources. 
The cereal and pul se crops dom inate in this respect and, in their protein supply , 
complement each other well in human nutrition. 
In spite of their very significant role in human nutrition , the ir ability to survive and 
yie ld under extreme ly margin al condi tions, their contribution to crop rotations, and their 
nitrogen-fixing capac ity , little emphas is or importance has been attached to the 
improvement of food legume crops by the agricultural sc ientific community in the past , the 
cereal crop being the main focus of research and development efforts . It is thus hardly 
surpris ing that world cereal production is currently increasing at a much more rapid rate 
than the production of legumes. In fac t avai lab le statis tics indicate that during the pas t 20 
years per capi ta legume production in Asia and Africa has been declining while cereal 
consumption has increased. The improvement of only one component of these two 
complementary staple food crops , at the expense of the other , to a certain extent sugges ts 
that the nutritional quality of the diets of the poorer sections of the population of this region 
may be deteriorating. 
Recognizing this situation, the International Deve lopment Research Centre (IDRC) is 
working toward the correct ion of this imbalance through the encouragement and support of 
research designed to develop legumes capable of g iving higher y ields combined with 
improved nutritional quality, in the major producing regions of the semi-arid tropics and 
West Asia. 
Since its inception in 1972 , the Pulse Improvement Program of the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT) , based in Hyderabad , India , has 
received active support from the Centre. Breeding and selection of lines of chick-pea and 
pigeon pea at ICRISAT is geared toward achieving higher and more stable yields together 
with higher protein content and resistance to diseases, pes ts , and other stressful conditions. 
Thousands of different lines of these two crops have been collected from all over the world 
and a very ac tive improvement effort is now fully under way. 
Other IDRC-s upported food legume research projects are under way in the West 
Indies, Kenya , and Sri Lanka , and a network of cowpea improvement efforts is currently 
being initi ated in West Africa , involving several countries, and the International Institute 
for Tropical Agriculture (IITA). 
In West Asia, IDRC was instrumental, in cooperation with the Arid Lands 
Development Program of the Ford Foundation (ALAD), in the setting up of a regional food 
legume program. This was expanded with the formation of !CARDA into an internatinoal 
effort focusing upon lentil , broad bean, and chick-pea improvement. In coordination with 
!CARDA , a network of national pul se improvement programs involving Algeria, Sudan , 
Egypt, Syria, and Turkey is be ing built up at the present time . This development is in line 
with the IDRC philosophy manifes t in all its programs that indigenous sc ientists should be 
encouraged and assisted to develop their own national research competence with the 
technical backup and assistance of the international research com munity embodied in the 
international research ce ntres. 
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With this approach, IDRC attempt to bring together the legume research effon s of the 
deve lo ping world on the national, regional, and international levels into a coordinated and 
cooperative endeavour to improve the production of food legume crops and through them 
the nutrition of the world ' s po pulation . The fast-developing re lat ionship between !CARDA 
and the national pulse programs of West Asia and Nonh Africa , and the new links in the 
chain of this cooperation that are continually be ing forged , provide a good ex ample of the 
ways in which research effort on all levels should work together toward their common 
aim . In thi s way researc h can make a real and lasting contribution to the alleviation of the 






During the workshop, much of the participants' time was spent in small problem-
oriented discussion groups . These were designed to focus on spec ific areas of interest 
within the whole sphere of food legume production and improvement and to evolve 
concrete recommendations for future research priori ties. The findin gs of these groups are 
set out in the section that fo llows. 
Dietary Importance and Consumer Requirements 
( I) The dietary importance of food legumes is considerable in light of the defi ciency 
in animal protein sources in most of the countries of the region. More information is now 
required on quality demands, which vary betwee n crops and groups of people (babies, 
growing children, adults, etc.). 
(2) The processing industry is growing rapidly in some of the countries of the region 
and processing methods and factors affecting the quality of canned legumes need to be 
clarified to develop improved products . 
(3) The term " cooking quality" is not well defined . Standardized methods must be 
developed for testing different quality components (e.g., fl avour , cooking time, seed 
tex ture, palatability, etc.) , so that results from differe nt institutions may be compared. 
(4) Little information is available on the incidence of " fav ism" in the different 
countries of the region. The extent of the disease and the factors responsible require more 
study. Proper tes ting and screening methods must be sought to elim inate these facto rs from 
improved varieties. 
(5) Contradicting data are available on the patterns of legume u e (dry seed vs green 
pods and seed) , espec ially for broad beans. Present improvement efforts should be directed 
more toward dry seed production than to the other types. 
(6) Flatulence is considered to be a major problem limiti ng the consumption of food 
legumes , and tes ting and screening methods should be developed to produce culti vars that 
do not cause this. Some people have a greater tendency toward the problem than do others. 
Breeding for Nutritional Improvement 
( I) Breeding for higher protein content should receive some attention, providing that 
protein quality or seed yield are not affected . 
(2) Attributes contributing to cooking quality vary with different crops. There is a 
need to determine the importance of these attributes in relation to cooking quality , together 
with the development of rapid determination techniques . 
(3) Genotype x environment interaction controlling cooki ng and nutriti ve quality 
are important and require further study . Preliminary data sugge t a ge nerally greater effect 
from environmental rather than genotypic fac tors , and di fferent components of the 
environment (i.e., soil structure , fe rtility and fertilizers, trace elements, climate, and crop 
management) should be surveyed and studied against this aspect. Large-scale screening of 
seed material fo r cooking and nutritive qualities under detr imental environmental 
conditions may reveal genetic di ffe rences and enable selection and breeding fo r superior 
genotypes. 
Food Legume Production 
( I) The lack of basic inform at ion on improved production prac tices and avail ability of 
hi gh-yielding varieties with res istance to adverse conditions, together with the poor 
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transfer of existing improved technologies, are recognized as some of the major constrai nts 
to increased legume production in most parts of the region. Identification of the major 
production constraints should be undertaken by an interdiscip linary group of scientists, 
including soc ioeconomic expertise, through the establishment of direct contact with the 
farmers concerned. 
(2) The relati ve proportion of small- to large-scale fa rming enterprises shou ld be 
assessed in any given si tuat ion , so that the research priorities can be modified to develop 
technologies relevant to that si tuation. 
(3) The development of varieties and production practices permitting the mechanical 
harvesting of lentils should be considered as a priority. 
(4) The demonstration of the economic viability of improved production 
technologies, and the provision of credit and inputs are essential to the effective promotion 
of new technologies in areas where such technologies are ava il able. 
(5) International support should also be given to research on other food legume crops 
such as dry peas, dry beans , and soybeans. 
Diseases of Food Legumes 
(I) Although it is recognized that different diseases require different methods of 
scoring, some standardization is highl y desirable . In line with the need for computeri zation 
of data and for a simple practical approach to scoring, the fo ll owing system should be used: 
0 No data 
I No infect ion 
2 Very mild infection 
3 Moderate infection 
4 High infection 
5 Very high infection 
6 Escape 
This method of scoring is not intended for detailed pathological studies but rather for 
plant breeders making a general evalu ation of hundreds or thousands of lines. 
(2) International disease-screening nurseries are of great value and all national and 
international research efforts should be encouraged to exchange material and information 
in this and other ways. 
(3) Based on the reported importance of the various di seases in the region, the 
following are considered to be research priorities : chick-peas - Ascochyta blight , root 
rot/wilt ; Lentils - root rot/wilt; broad beans - chocolate spot , Ascochyta blight , root 
rot/wilt . 
(4) Root rot/wilt diseases require further investigation to establish the major causal 
organisms in the various parts of the region. Centralized facilities should be established fo r 
the identification of root rot/wilt pathogens so that the presently confused situation can be 
clarified, especially in those countries that do not have their ow n facilities . 
(5) Diseases of lesser importance should not be overlooked . 
(6) Handbooks for the recognition, scoring, and control of the various diseases are 
urgently needed. 
Pests and Pollinating Insects 
(I) Priority should be given to the study of the biology, ex tent of damage, and control 
of the follow ing insects : broad beans - aphids and bruchids ; chick-peas - pod borers and 
leaf miners; lentil s - aphids and bruch ids. 
(2) Other insects of secondary or localized importance that should receive research 
attention include Sitona weevil , th rips , and stem borer , the latter specificall y on broad bean 
crops. The importance of the larvae of Sitona sp. in causi ng damage to root nodules needs 
assessment. 
(3) Reports concerning the biologies of these important insects and the extent of the 
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damage caused by them in the various countries of the region should be compiled by 
I CARDA. 
(4) A survey of po llinating insects in the reg ion is also required . 
(5) There is an urge nt need for a comprehens ive handbook covering the main insect 
pests of food legumes. 
Weed Control 
( 1) !CARDA should ex tend its weed research activities to the region by suppl ying 
national programs with results of weed contro l tri als and by collecting and disseminating 
information on the major weed prob lems , levels of crop losses, and current contro l 
methods in the various countries of the region. 
(2) Cooperation in weed research is esse ntial. There is a need to estab lish a series of 
cooperative weed contro l trials wi thin the countries of the region, coordinated by 
ICARDA, who shoul d supply the packages of materi als and instructions for experimenta-
tion and ana lyze and disseminate the resu lts . 
(3) There is a serious lack of information on Orobanche and its impact on food 
legume product ion. National programs should be encouraged and a sisted in their efforts to 
assess the ex tent of Orobanche prob lems in the ir countries and to deve lop and implement 
methods fo r its prevention and control, especially in the field of breeding resis tant 
varieties. 
Germ Plasm and Breeding Strategy 
( 1) There are obv ious gaps in the collec tion of food legume germ plasm in the region 
and additional support is needed by the national programs for collection act ivi ties. 
!CARDA, in co njuncti on with the IBPGR and other agencies , should give ass i tance in 
fu ll y exploring the reg ion before valuable materi al is completely lost. 
(2) A complete catalogue of a ll collect ion maintained at both the national institutions 
of the reg ion and other relevant organizations, such as !CARDA , should be prepared and 
distributed to all the interes ted researchers in the region. 
(3) With regard to agrocl imatic conditions, a ltitudes, and latitudes , the Near East and 
orth Africa can be tentati ve ly divided into three subregions: 
High Plateau Areas: Iran and Turkey 
Lowland Areas: Syri a, Lebanon, Jordan, Tunisia, 
Algeria, Libya, and Morocco 
Southern Areas: Sudan, Egypt , South Iraq, South Iran 
(4) In order to better clari fy the tentative divisions outlined above , a small-scale 
international trial comprising one or two of the best entries from each crop in each country 
should be conducted for 2 or 3 years. Sc ientists from the countries of the region should 
furnish seed of broad bean, lentil , and chick-pea to !CARDA as oon as possible to enable 
this program to be initiated. 
(5) International uniform yie ld trials, screening nurseries , and segregating populations 
are of great importance to the research programs of the coun tries of the region and !CARDA 
should give considerable emphasis to this aspect of its work . 
Agronomy, Physiology, and Microbiology 
( 1) There is a need for more detailed information on current production practices in the 
reg ion, such as dates and rates of seeding , rates of fertilization , and weed control practices . A 
survey of the prevailing practices used by farmers would provide this information and should 
be seen as a priority . 
(2) lntercropping of food legumes in perennial plantations is a common practice and its 
significance needs careful study. 
(3) In view of the current variable results of N fertilization, investigations on crop 
response to starter dress ings should be initiated . 
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(4) Studies of production under irrigated conditions should be expanded . 
(5) Problems requiring priority research include: drought tolerance; photosynthet ic 
efficiency; symbiotic nitrogen fixation ; flower drop. 
(6) Support is required from !CARDA and other agencies in the development of 
facilities for the production of Rhizabium inoculum. 
(7) Coordinated agronomic research should be initiated with in the region and details of 
the requisite trials and nurseries should be evolved by a working party comprised of 
researchers from national programs and from ICARDA. 
Training and Communications 
(I) Training in food legume improvement is required at three levels: technical training; 
training of junior scientists; training and meetings of senior scientific person nel. Courses in 
basic technical training , lasting for approximately 6 months and he ld at the I CARDA research 
station at Aleppo, are very useful , but short intensive courses in specialized subjects are also 
required by some national programs and should be organized by ICARDA if possible . 
(2) A workshop/seminar on lentils should be held at Aleppo in 1979. There is a 
continuing need for general-type workshop activ ities to evaluate changes in national problems 
and research to reorientate ICARDA's approach to these changes. Such a workshop on gra in 
legumes should be he ld every 3-4 years. 
(3) Future workshops may be held either by !CARDA or by national programs, and in 
either case the participation of other national programs in the organization of such workshops 
would be highly desirable. These workshops should be more specific in their objectives and 
country reports should be more problem orientated. 
(4) All available training material on food legumes should be gathered and compiled 
into comprehensive manuals for widespread use. Solid links should be forged between the 
training program of I CARDA and other pertinent training activ ities , uch as are conducted by 
ICRISAT & FAO. 
(5) !CARDA should undertake the compilation of annotated bibliographies on lentils, 
broad beans , and Pisum spec ies , which could form a valuable source of information for 
researchers in the region . In addition, the pub lication of a regu lar general bulleti n, containing 
news about food legumes and people working in that fie ld , together with extension 
infomiation, would prove very useful. 
(6) In the light of the severe shortage of trained manpower specialized in food legume 
improvement within the region as a whole , international and national grant-giving bodies 
shou ld actively support both graduate and techn ica l training in this field, e ither directly to the 
trainees themselves o r indirect ly through the finan cial support of ICARDA . 
(7) !CARDA should provide facilities, in cooperation with uni versities in the region , to 
support students undertaking research for higher degrees on subjects of relevance to the 
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